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FOREWORD 


The  National  Forests  of  the  Intermountain  Region  yield  an  estimated  27  million  acre-feet  of 
water  annually  or  about  nine  inches  per  acre  of  watershed.  This  amounts  to  about  75%  of  the  total 
water  yield  in  the  Region  and  plays  a  major  role  in  satisfying  the  needs  of  approximately  70  hydro¬ 
electric  plants,  200  storage  reservoirs,  and  190  towns  and  cities.  And,  in  the  foothills  and  valleys, 
most  of  our  irrigation  agriculture  depends  on  this  water. 

One  of  the  major  purposes  for  which  Congress  established  the  National  Forest  System  under 
the  Organic  Act  of  1897  was  to  “secure  favorable  conditions  of  water  flows.”  Significant  National  For¬ 
est  legislation  in  1960,  called  the  Multiple  Use-Sustained  Yield  Act,  reaffirms  this  purpose  but  goes 
much  further.  It  also  directs  that  the  National  Forests  shall  be  managed  for  multiple  use  —  for  water, 
wildlife,  recreation,  timber,  and  forage.  It  directs  that  management  of  these  five  uses  shall  be  on  a 
sustained  yield  basis.  Thus,  the  legislative  mandate  for  watershed  management  and  other  uses  of 
the  National  Forests  is  specific  and  unmistakable. 

Most  of  the  National  Forest  land  within  the.InJtermountain  area  is  valuable  as  watersheds.  These 
public  properties  require  careful  and  skillful  management  if  they  are  to  contribute  most  effectively 
to  the  long-time  needs  of  the  people  of  this  Region  and  the  Nation.  While  much  of  the  National 
Forests  are  in  satisfactory  condition,  some  areas  have  lost  their  ability  to  properly  receive  and  dispose 
of  the  water  which  falls  upon  them.  Overuse  by  domestic  livestock  over  extended  periods  has  con¬ 
tributed  to  watershed  depletion  as  have  some  improperly  located  roads,  logging  on  steep  slopes  where 
erosion  control  has  been  inadequate,  excessive  big  game  populations,  and  inadequate  design  in  water 
impoundments  and  transmission  structures.  The  maintenance  of  or  re-establishment  of  hydrologic 
conditions  which  will  insure  control  of  water  is  a  major  resource  management  objective.  To  achieve 
this  will  require  certain  changes  in  management  on  some  National  Forest  lands,  coupled  with  expen¬ 
sive  rehabilitation  measures  on  seriously  depleted  areas. 

People  must  know  and  appreciate  that  watersheds  need  careful  and  skillful  management  to 
keep  them  functioning  properly.  All  of  us  must  understand  the  need  for  curative  treatment  to  restore 
watershed  lands  to  a  satisfactory  condition  when  necessary.  Public  awareness  of  and  concern  about 
watershed  problems  and  management  needs  are  imperative  in  a  democracy  if  watersheds  are  to  be 
managed  for  the  benefit  of  all  the  people  today  and  for  future  generations  —  and  they  must  be  so 
managed. 

This  publication  was  prepared  to  help  people  gain  a  better  understanding  of  how  watersheds 
function.  It  assembles  in  one  place  much  of  what  has  been  learned  from  research  and  management 
about  man’s  relationship  to  his  environment  and  his  responsibility  for  maintenance  of  produc¬ 
tive  watersheds  in  the  Intermountain  West.  It  records  also  some  of  the  authors’  views  and  conclu¬ 
sions  relating  to  watershed  management  that  perhaps  are  not  documented  in  other  publications.  I 
am  pleased  that  authorities  such  as  A.  Russell  Croft  and  Reed  W.  Bailey  undertook  this  task.  Each  is 
eminently  qualified;  each  has  fulfilled  a  distinguished  career  in  the  field  of  watershed  research,  man¬ 
agement,  and  restoration. 


Regional  Forester 
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THE  LAND  IN  WHICH  WE  LIVE 


Occupancy  of  the  land  and  development  of 
a  civilization  —  a  culture  —  in  the  Intermoun¬ 
tain  West  have  been  difficult  tasks.  The  con¬ 
cern  has  been  largely  with  mountain  water 
and  problems  connected  with  its  use  and  con¬ 
servation.  When  the  white  man  came  to  the 
region  to  establish  his  home  and  use  the  re¬ 
sources  of  the  land  he  found  an  environment 
that  was  strange  to  him,  difficult  to  under¬ 
stand,  and  rigorously  demanding.  The  land¬ 
scape  of  the  area  was  dominated  by  mountain 
ranges  and  valleys  and  the  mountain-valley 
relationship  was  largely  responsible  for  the 
nature  of  such  various  elements  of  the  en¬ 
vironment  as  slopes  and  aspect  of  the  land, 
climate,  creeks  and  rivers,  soils  and  vegetation. 

The  topography  of  the  area  largely  deter¬ 
mines  the  precipitation  pattern  over  the  land 
just  as  general  air  circulation  determines  it  in 


time.  The  Sierra  Nevada-Cascade  Mountain 
crests  rising  to  a  maximum  elevation  of  about 
14,000  feet  act  as  a  barrier  to  eastward-mov¬ 
ing  storms  and  are  responsible  for  much  of 
the  relatively  heavy  precipitation  on  their 
west  slopes  and  the  aridity  of  the  Great  Basin 
and  the  Columbia  River  Plateau.  Similarly 
each  successive  mountain  range  eastward  acts 
in  turn  to  increase  precipitation  on  the  west¬ 
ern  slopes  and  to  make  for  greater  aridity  on 
the  slopes  and  valleys  to  the  east.  It  is  not 
uncommon  to  find  some  valleys  receiving  only 
4  to  5  inches  of  precipitation  while  mountain 
slopes  less  than  20  miles  away  receive  in  ex¬ 
cess  of  40  inches.  The  influence  of  topography 
on  precipitation  is  shown  in  Fig.  1,  which  gives 
mean  annual  precipitation  values  for  certain 
points  along  a  topographic  profile  from  San 
Francisco  to  Denver. 
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Figure  1.  —  Precipitation  at  some  mountain  and  valley  stations 
along  a  line  from  San  Francisco  to  Denver. 
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Topography  also  greatly  modifies  tempera¬ 
tures.  Some  valleys  are  not  free  of  frost  for  a 
sufficiently  long  time  to  grow  anything  but 
the  hardiest  grains  and  forage,  while  others  in 
the  same  latitude  but  at  lower  elevations  have 
summer  growing  seasons  warm  enough  and 
long  enough  to  permit  the  raising  of  late  ma¬ 
turing  crops  such  as  sugar  beets,  fruits,  and 
corn. 


The  mountains  have  a  great  variety  of  cli¬ 
matic  situations,  due  to  differences  in  aspect 
of  the  various  slopes  and  differences  in  eleva¬ 
tion.  The  temperature  may  range  from  high 
subtropical  near  the  base  to  subarctic  on  the 
high  slopes  and  basins.  The  high  mountains 
are  cool  in  summer  and  covered  with  snow  in 
the  winter  and  the  growing  season  is  short, 
which  creates  a  serious  problem  of  use,  espe¬ 
cially  grazing  of  the  forage. 


Figure  2.— Great  Salt  Lake  Valley  and  Wasatch  Mountains  north  of  Provo  Canyon,  Utah. 


The  great  and  abrupt  differences  in  precipi¬ 
tation  induced  by  the  topography  not  only 
give  rise  to  the  arid  valleys  but  also  to  the 
humid  “islands”  wherever  mountain  masses 
project  to  a  substantial  height  above  the  val¬ 
ley  floor.  Most  of  these  “islands”  receive 
enough  precipitation  to  support  stands  of 
ponderosa  and  lodgepole  pine,  quaking  aspen, 
Engelmann  spruce,  Douglas-fir,  and  alpine  fir 
as  well  as  a  wide  variety  of  shrubby  and  her¬ 
baceous  vegetation  which  constitutes  the  im¬ 
portant  resource  of  forage  for  livestock  and 
game. 


This  greater  amount  of  precipitation  that 
falls  on  the  humid  mountains  is  largely  re¬ 
sponsible  for  generating  the  streams  that  flow 
into  or  out  of  the  region.  Moreover,  snow  in 
the  late  fall  and  winter,  stored  for  spring  and 
summer  melting,  makes  possible  and  main¬ 
tains  the  summer  flow  of  most  streams. 

The  importance  of  the  relationship  between 
cool  humid  mountains  and  warm  arid  valleys 
cannot  be  too  strongly  stressed.  It  deter¬ 
mined  the  pattern  of  settlement  of  the  arid 
west  and  was  responsible  for  the  development 
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of  modern  irrigation  agriculture  —  a  system  of 
farming  where  crops  are  not  dependent  upon 
precipitation  that  falls  on  the  cultivated  lands 
but  upon  that  which  accumulates  on  the  forest 
and  rangelands  in  the  mountains. 

The  early  settlers,  for  the  most  part,  estab¬ 
lished  their  homes  and  industries  at  the 
mouths  of  the  canyons  or  along  the  base  of 
mountains  where  mountain  waters  were  avail¬ 
able.  These  locations  were  selected  partly 
because  of  availability  of  fertile  soils  and 
favorable  temperatures  but  primarily  because 
the  adjacent  mountains  provided  sources  of 
timber  for  their  homes,  forage  for  livestock, 
and  above  all,  water  for  sustaining  life 
throughout  the  dry  summer  months  on  the 
valley  floors.  Later,  engineering  develop¬ 
ments  were  introduced  in  the  form  of  storage 
reservoirs  and  elaborate  canal  systems.  Im¬ 
portant  agricultural  enterprises,  significant 
industries,  and  large  populations  in  and  be¬ 
yond  the  Intermountain  West  were  established 
and  more  are  to  come.  These  are  all  largely 
dependent  upon  the  stored  mountain  waters. 

The  relationship  between  the  mountains 
and  the  valleys  is  illustrated  by  the  Wasatch 
Mountains  and  Salt  Lake  Valley,  which  is  im¬ 
pressively  described  in  the  following  quo¬ 
tation  from  Dr.  Walter  P.  Cottam: 

Every  citizen  interested  in  Utah  as  home 
for  himself  and  especially  for  his  chil¬ 
dren  should  take  a  one-day,  conducted 
excursion  to  this  mountain  top  (Wasatch). 
The  view  alone  is  rewarding  and  the 
lessons  to  be  learned  there  are  impres¬ 
sive.  A  long  narrow  strip  of  green  earth 
checkered  by  roads  and  fences,  lies 
far  below  as  if  squeezed  between  the  solid 
mountain  base  and  the  faded  blue  of  the 
Great  Salt  Lake.  Beyond  this  the  end¬ 
less  tracts  of  desert  waste  merge  with 
the  sky.  Inevitably  the  eye  returns  to  this 
strip  of  green.  Smudgy  haze  over  the 
settlements  below  marks  the  position  of 
each  town  precisely  at  the  mouth  of  some 
major  canyon.  What  a  vantage  point  to 
see  and  know  how  the  existence  of  man 
is  wedded  to  the  hydrology  of  these  hills! 

If  the  streams  discharge  their  floods, 
where  can  man  retreat'?  If  they  fail  in 


their  life-giving  fluid,  where  can  he 
quench  his  thirst?  (Cottam  1961) 

Although  the  first  extensive  dependence  on 
mountains  was  for  irrigation  water,  this  de¬ 
pendence  ha.**  extended  far  beyond  and  is  basic 
to  our  present  and  future  economic  develop¬ 
ment.  Important  as  water  is,  other  mountain 
resources  such  as  timber,  forage,  and  recrea¬ 
tion  contribute  importantly  to  the  economy 
and  well-being  of  the  region  and  the  Nation. 

Past  experience  of  the  people  who  settled 
this  Intermountain  Region  had  not  prepared 
them  for  an  easy  adjustment  to  this  environ¬ 
ment.  They  had  little  knowledge  to  guide 
them  in  the  use  and  conservation  of  the  avail¬ 
able  resources.  The  uncompromising  realities 
of  nature,  the  uncertain  precipitation  and 
streamflow,  the  precariously  situated  moun¬ 
tain  soils,  the  hazards  of  grazing  the  steep 
slopes  and  the  subarctic  basins,  and  the  criti¬ 
cal  aridity  of  the  valleys  could  not  be  disre¬ 
garded  without  disaster.  Mistakes  were  made 
and  harmony  between  man  and  his  environ¬ 
ment  has  never  been  fully  attained. 

Subsequently,  knowledge  was  gained  through 
experience  and  scientific  research  which  pro¬ 
vided  facts  and  principles  to  guide  in  the  safe 
use  of  the  mountain  resources  and  to  correct 
many  of  the  past  mistakes.  However,  a  greatly 
accelerated  management  program,  based  upon 
facts  already  at  hand  and  a  continuing  pro¬ 
gram  of  education  and  research,  will  be  re¬ 
quired  to  insure  a  continuation  of  the  way  of 
life  in  the  Intermountain  Region  that  has  been 
organized  around  the  resources  of  the  moun¬ 
tains. 

The  need  to  understand  the  environment 
in  which  we  live  and  work  was  dramatically 
described  by  Dr.  Isaiah  Bowman,  then  Presi¬ 
dent  of  Johns  Hopkins  University  when  he 
said: 

If  we  lived  in  a  desert  and  our  lives 
depended  on  a  water  supply  that  came 
out  of  a  steel  tube,  we  would  inevitably 
watch  that  tube  and  talk  about  it  under- 
standingly.  No  citizen  would  need  to  be 
lectured  about  his  duty  towards  its  care 
or  spurred  to  help  if  it  were  in  danger. 
Teachers  of  civics  in  such  a  community 
might  develop  a  sense  of  public  responsi- 
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bility  not  only  by  describing  the  remote 
beginnings  of  the  commonwealth,  but 
also  how  that  tube  got  built,  how  long  it 
would  last,  how  vital  the  intake  might 
be  if  the  rainfall  on  the  forested  moun¬ 
tains  nearby  ever  changed  in  seasonal 
habit  or  amount.  It  would  be  a  most  un¬ 
imaginative  person,  or  a  stupid  one,  who 
could  not  see  the  vital  relation  between 
the  mountains,  the  forests,  that  tube  and 
himself.  (Bowman  1937) 

CLIMATE 

To  understand  more  fully  the  problems  that 
occur  in  the  use  and  conservation  of  moun¬ 


tain  resources,  knowledge  and  understanding 
of  the  nature  of  some  of  the  important  factors 
is  necessary. 

PRECIPITATION 

The  amount  of  precipitation  is  determined 
largely  by  topography.  The  Wasatch  Moun¬ 
tains,  for  example,  receive  from  30  to  60 
inches  of  precipitation  annually,  but  some  of 
the  arid  valleys  40  miles  west  receive  only  4 
or  5  inches.  Generally,  streamflow  originates 
above  about  5,000  feet  elevation  where  there 
is  a  surplus  of  precipitation  after  the  growth 
requirements  of  plants  have  been  satisfied 
along  with  losses  by  evaporation  from  the  soil, 
snow,  and  vegetation. 
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Figure  3.  —  The  approximate  relation  of  total  precipitation  to  elevation 
and  distance  from  the  mountain  crest.  (Utah  and  Idaho) 


In  Utah  the  water-yielding  areas  of  our  hu¬ 
mid  mountains  are  above  6,500  feet  elevation 
and  amount  to  about  10,000,000  acres.  In  the 
Salmon  River  Mountains  of  Idaho,  on  the 
other  hand,  the  water-yielding  zone  extends 
downward  to  about  5,000  feet  elevation.  These 
elevation  -  precipitation  -  wateryield  relation¬ 
ships  are  shown  in  Fig.  3. 

Precipitation  Fluctuation — Fluctuation  in  pre¬ 
cipitation  is  illustrated  by  the  rainfall  records 
from  Manti,  Utah,  elevation  5,575  feet  —  one 


of  the  longest  records  in  Utah.  Precipitation  in 
some  years  is  only  half  of  “normal”  or  average, 
but  50  p)ercent  above  normal  in  other  years. 
(See  Fig.  4) 

When  the  Manti  record  is  plotted  as  a  mov¬ 
ing  average  by  ten-year  periods  (1894-1903; 
1895-1904,  etc.),  some  interesting  upward 
and  downward  trends  in  precipitation  are 
shown.  For  example,  beginning  with  an  annual 
average  of  about  ten  inches  of  rainfall  for 
the  period  1894-1903,  the  trend  was  gradually 
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Figure  4.  —  Fluctuations  in  total  annual,  and^the  average 
annual  precipitation  1895  to  1962.  (Manti,  Utah) 


up  until  the  annual  average  rainfall  for  the 
period  1905-1914  was  about  15  inches.  Then 
a  general  down-trend  occurred  which  resulted 
in  about  ten  inches  of  precipitation  annually 
for  the  period  1926-1935.  If  a  500-year  record 
were  available  for  Manti,  it  is  quite  i>ossible 
that  fluctuations  in  the  ten-year  average  pre¬ 


cipitation  would  be  larger  than  those  shown 
for  the  present  68-year  record.  In  other  words, 
it  is  quite  possible  that  we  have  not  lived  in 
the  Intermountain  West  long  enough  to  have 
experienced  the  full  range  of  perfectly  “nor¬ 
mal”  high  and  low  rainfall  years  or  groups  of 
years  and  the  effect  they  could  have  on 


13" 


10  YEAR  PERIODS 

Figure  5.  —  Trends  of  total  annual  precipitation  by  ten-pear  periods  at  Manti,  Utah. 


"Cloudbursts" — The  term  “cloudbursts”  has 
gained  common  usage  in  the  West  to  describe 
certain  summer  rainfall  phenomena.  The  term 
is  frequently  associated  with  the  results  of 
rainfall  rather  than  knowledge  of  the  rainfall 


itself.  For  example,  flooding  of  low-lying 
business  and  residential  areas  during  a  rain¬ 
storm  is  frequently  referred  to  as  the  result  of 
a  “cloudburst,”  when  actually  the  flooding 
may  be  caused  by  runoff  from  roofs,  cement 
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Percent  of  normal 


driveways,  sidewalks,  and  streets  from  only 
modest  rainfall. 

Likewise,  a  sediment-laden  summer  flood 
from  the  mountain  is  cited  as  evidence  of  a 
“cloudburst”  when  it  may  be  only  a  modest 
rainstorm  on  steep  slopes  from  which  too 
much  vegetation  has  been  removed,  allowing 
quick  surface  runoff. 
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We  do,  however,  have  periods  of  short  in¬ 
tense  rainfall,  particularly  during  July  and 
August,  which  are  normal  to  the  summer  rain¬ 
fall  pattern.  They  may  or  may  not  cause 
flash  floods,  depending  on  the  capacity  of  the 
land  surface  to  absorb  all  or  part  of  the  rain 
as  it  falls. 
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STORM  DURATION  (MINUTES) 


Figure  6. --Records  of  three  intense  summer  rainstorms 
in  the  Sierra  Nevada  and  Wasatch  Mountains. 


The  chart  shows  the  history  of  three  cloud¬ 
burst-type  rainstorms;  two  at  the  Davis 
County  Experimental  Watershed  in  Utah, 
elevation  7,000  feet,  and  the  other  at  the  Dog 
Valley  Experimental  Area  near  Verdi,  Nevada. 
At  Davis  County,  the  maximum  intensity  of 
rainfall  occurred  during  the  first  five-minute 
period  of  a  storm  in  August  1960,  but  not  until 
after  40  minutes  of  gentle  rainfall  in  1947.  At 
two  raingages  on  the  Dog  Valley  Area,  the 
intense  fall  occurred  at  the  beginning  of  the 
storm  of  August  12,  1961.  The  difference  of 
one  minute  in  starting  time  of  the  two  records 
is  the  time  required  for  the  storm  front  to 
travel  about  y2  mile  from  Watershed  No.  1  to 
Watershed  No.  2. 

The  Mountain  Snowpack  —  In  the  humid 
mountains  from  60  percent  to  80  percent  of 
the  annual  precipitation  falls  as  snow  from 
about  October  1  to  April  1  and  except  for 


limited  melting,  remains  in  storage  as  snow 
and  ice.  In  Utah,  this  makes  a  spectacular 
snowpack  which  covers  about  10,000,000  acres 
above  about  7,000  feet  elevation.  In  a  year 
of  average  precipitation,  this  frozen  mass  con¬ 
tains  roughly  about  15,000,000  acre-feet  of 
water.  Water  from  the  melted  snow  (about 
0.5  to  2.0  inches  of  water  per  day)  enters  the 
soil  where  part  of  it  is  stored,  later  to  be  used 
in  plant  growth,  and  the  balance  passes  on 
through  the  soil  to  streams  and  ground  water. 

STREAMFLOW 

Water  that  flows  from  the  mountains  to 
the  arid  valleys  is  precipitation  not  used  on 
the  mountain  to  grow  trees,  shrubs,  and 
grasses  or  lost  by  evaporation  from  vegetation 
and  soil  and  snow  surfaces.  Thus,  streamflow 
is  a  “residual”  of  the  precipitation,  or  water 
that  is  left  after  these  uses  and  losses. 
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Figure  7.  —  The  winter’s  snowpack  in  high  mountains  and  plateaus  is  the  source  of 
water  for  the  arid  valleys.  (Great  Basin  Experimental  Area,  Utah) 


The  relation  of  precipitation  to  water  yield 
may  be  expressed  by  a  simple  formula: 

S  =  P  —  (U  +  L  +  D)  where; 

S  =  Streamflow 

P  =  Precipitation 

U  =  Uses  by  vegetation 

L  =  Losses  by  evaporation  from 
snow,  soil,  and  vegetation 

D  =  Deep  seepage 

Streamflow  characteristics  are  a  result  of 
such  normal  forces  and  factors  as  climate, 
geology,  topography,  and  the  soil  and  plant 
mantle,  all  of  which  have  operated  through 
the  ages  to  produce  today’s  streams.  Since 
precipitation  increases  approximately  four 
inches  for  each  1,000  feet  increase  in  elevation, 
the  largest  water  yields  come  from  the  highest 
mountains. 


SEASONAL  AND  ANNUAL  FLUCTUATION 

Differences  in  the  amount  of  streamflow 
from  season  to  season  and  from  year  to  year 
are  striking  and  indeed  economically  signifi¬ 
cant  features  of  mountain  streams.  Highest 
streamflow  comes  during  May  and  early  June, 
near  the  end  of  the  snowmelt  p>eriod  and 
reaches  low  flow  in  late  summer  when  the 
demand  fqr  water  for  most  uses  is  greatest. 
Streamflow  fluctuates  also  from  year  to  year; 
some  years  water  will  be  quite  adequate  to 
supply  the  needs  that  have  developed  for  it; 
and  then,  in  another  year,  the  supply  may  be 
so  short  as  to  require  drastic  water  rationing. 
Many  factors  contribute  to  this  annual  fluc¬ 
tuation,  but  the  amount  of  precipitation  on 
the  watershed  is  by  far  the  most  important. 
Two  watersheds.  Halfway  Creek  on  the  Davis 
County  Experimental  Watershed,  Utah  and 
Ephraim  Creek  at  Ephraim,  Utah,  illustrate 
this  relationship. 
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Figure  8.  —  Differences  in  annual  water  yield,  1943  and  1953.  (Halfway  Creek 
drainage,  Davis  County  Experimental  Watershed,  Utah) 


Halfway  Creek  Drainage  —  Streamflow 
records  from  Halfway  Creek  drainage,  com¬ 
prising  464  acres  of  brush-covered  land,  show 
the  differences  in  water  yield  from  year  to 
year.  In  the  water  year  1944  (Oct.  1,  1943  to 
Sept.  30,  1944)  38.09  inches  of  precipitation 
produced  868  acre-feet  of  streamflow.  But  in 
water  year  1954,  a  year  when  precipitation 
was  only  32.21  inches,  water  yield  dropped 
to  399  acre-feet,  only  46  jjercent  as  much  as 
in  water  year  1944. 

Ephraim  Creek  Drainage  —  Ephraim  Creek 
Drainage,  a  16,680  acre  brush,  grass,  and 
timber-covered  watershed  east  of  Ephraim, 
Utah,  illustrates  relationships  of  precipitation 
and  streamflow  over  a  20-year  period,  1941- 
1961.  Table  1  gives  precipitation  at  three 
measuring  stations  and  total  streamflow  in 
acre- feet  and  in  inches  depth  for  easy  com¬ 
parison  with  precipitation.  In  the  water  year 
1959,  annual  precipitation  was  only  21.48 
inches  or  about  56  percent  of  the  38.22  inches 
in  the  water  year  1952;  but  streamflow  in  1959 
was  only  25  percent  of  that  in  1952. 

The  most  striking  contrast  in  the  relation 
of  precipitation  and  streamflow  occurred  in 
the  water  years  (October  1  to  September  30) 
1961  and  1962.  The  anomaly  between  pre¬ 
cipitation  and  runoff  data  for  these  water 
years  is  quite  readily  explainable.  Mean  pre¬ 
cipitation  during  the  last  2  months  (August 


and  September)  of  the  1961  water  year  was 

10.79  inches,  about  5.4  times  greater  than  the 
two-month  average  of  2.00  inches  for  the  other 
21  years  of  the  record. 

This  unusually  heavy  rainfall  had  prac¬ 
tically  no  effect  on  water  yield  in  the  1961 
water  year  because  it  was  largely  stored  in 
the  dry  soil  which  is  a  common  condition  at 
the  end  of  the  growing  season  in  September 
and,  therefore,  produced  little  if  any  seepage 
flow  to  the  stream.  Unlike  the  other  years, 
probably  as  much  as  8.79  inches  (10.79 
inches  —  the  2  inch  average  for  other  years) 
was  carried  over  on  October  1,  as  soil  moisture, 
from  the  1961  water  year  to  the  1962  water 
year.  Accordingly,  it  would  be  reasonable  to 
reduce  the  effective  precipitation  in  the  1961 
water  year  by  this  amount  (32.73  inches 
—  8.79  inches  =  23.94  inches). 

On  the  other  hand,  the  carryover  of  8.79 
inches  of  water  in  the  soil  from  the  1961  water 
year  to  the  1962  water  year  would  have  the 
effect  of  increasing  the  effective  1962  pre¬ 
cipitation  by  that  amount  (29.79  inches  -t- 

8.79  inches  =  38.58  inches). 

These  adjustments  accounted  for  a  differ¬ 
ence  of  14.64  inches  in  effective  precipitation 
between  water  years  1961  and  1962,  and 
largely  account  for  the  high  streamflow  in 
the  1962  water  year. 
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Table  1.— Relation  between  average  annual  precipitation  and  total  water  yield,  Ephraim 


Creek,  Utah 

Precipitation  (inches)  Runoff V 


Water 

YearV 

9,950' 

Alpine 

8,850' 

Hdqrs. 

7,400' 

Oaks 

Mean 

Acre 

Feet 

Area 

Inches 

1941  .  . . . .  . 

1942  . . . . 

. . .  30.32 

29.32 

21.26 

26.97 

15,029 

20,162 

10.8 

14.6 

1943  . . 

_ _  28.88 

27.34 

18.52 

24.91 

9,534 

6.9 

1944  . . . . . 

_ _  34.74 

31.55 

23.58 

29.96 

17,910 

12.9 

1945  . . 

. . .  34.72 

34.90 

25.82 

31.81 

17,764 

12.8 

1946  . . . . 

. .  29.82 

25.79 

17.79 

24.47 

13,053 

9.4 

1947  . . 

1948  . . . . . 

. . .  Not  aval 

. . .  29.33 

lable 

25.65 

19.33 

24.77 

13,679 

9.8 

1949  . . . . 

. . . .  32.66 

30.07 

19.93 

27.55 

13,224 

9.5 

1950  . 

. . .  27.80 

27.02 

19.90 

24.91 

9,854 

7.1 

1951  . . 

. . .  30.56 

28.59 

19.91 

26.35 

9,353 

6.7 

1952  _ _ _ _ 

. . .  43.62 

41.88 

29.16 

38.22 

22,434 

16.1 

1953  . . 

. . . .  31.33 

31.42 

22.00 

28.25 

13,166 

9.5 

1954  . 

. .  32.39 

31.24 

23.40 

29.01 

13,592 

9.8 

1955  . . . 

_ _ _  30.91 

30.24 

21.84 

27.66 

10,906 

7.9 

1956  . . . . 

. . . .  28.35 

24.75 

18.26 

23.79 

8,121 

5.8 

1957  . 

.  42.01 

38.81 

29.15 

36.66 

21,839 

15.7 

1958  . . 

.  38.25 

30.24 

19.47 

29.32 

16,615 

12.0 

1959  . 

.  25.49 

22.73 

16.23 

21.48 

5,756 

4.1 

1960  . . . . 

. . .  30.97 

25.23 

17.35 

24.52 

9,757 

7.0 

1961  _ _ _ _ 

. . .  38.46 

34.77 

24.96 

32.73 

7,732 

5.6 

1962  . . . . 

. . .  38.45 

29.87 

21.05 

29.79 

31,657 

22.8 

1/  Corrected  for  diversions  from  the  Colorado  River  drainage  via  Ephraim 
Tunnel,  John  August,  Dave  Madsen,  and  Twin  Springs  ditches. 


2/  October  1  to  September  30. 


Precipitation  and  streamflow  data  in  the 
above  table  are  shown  graphically  in  the  chart 
below.  The  close  relationship  of  total  precipi¬ 
tation  to  total  streamflow  is  impressive.  Re¬ 


gression  analysis  indicates  that  total  annual 
precipitation  alone,  independent  of  other 
factors,  is  the  principal  cause  of  streamflow 
fluctuation. 


Figure  9. 

Relationship  of  average 
annual  precipitation  and 
total  water  yield.  (Ephr¬ 
aim  Creek  Utah) 
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Streamflow  Fluctuates  More  Than  Precipitation 

The  foregoing  discussions  of  annual  stream- 
flow  fluctuations  of  Halfway  and  Ephraim 
Creeks  show  that  streamflow  changes  are  not 
proportional  to  precipitation:  that  is  a  50. 
percent  decrease  or  increase  in  precipitation 
would  not  necessarily  result  in  a  corresponding 
change  in  the  amount  of  streamflow.  Actually, 
with  only  50  percent  of  normal  precipitation 
some  streams  would  dry  up  because  that 
amount  could  be  consumed  by  vegetation, 
leaving  no  water  for  streamflow  and  ground 


water.  Since  plant  growth  consumes  .practi¬ 
cally  all  available  soil  moisture  in  the  root 
zone  each  summer,  the  water  removed  in 
plant  growth  must  be  replaced  each  spring 
to  bring  the  soil  to  its  maximum  waterholding 
capacity  before  water  can  percolate  through 
to  streams.  If  the  amount  of  water  available 
from  precipitation  is  not  enough  to  saturate 
the  soil,  no  streamflow  will  occur.  This  is  one 
of  nature’s  requirements  regardless  of  whether 
precipitation  is  high  or  low. 
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Figure  10.  —  Annual  fluctuation  of  water  yield  is  not  directly 
proportional  to  the  amount  of  precipitation. 
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This  principle  is  illustrated  by  the  accom¬ 
panying  diagram  using  various  amounts  of 
snowpack.  For  example,  if  a  snowpack  of  30 
inches  (column  3)  produces  15  inches  of 
water  available  for  streams,  a  15-inch  snow¬ 
pack  would  provide  no  water  for  streams 
(column  5).  On  the  other  hand,  an  increase 
in  precipitation  has  just  the  opposite  effect 
on  the  amount  of  water  available  to  streams;  a 
snowpack  of  45  inches  (column  1)  would  pro¬ 
vide  about  two  times  as  much  water  for 
streams  as  the  30-inch  snowpack. 


THE  SOIL  AND  PLANT  MANTLE 

Of  all  our  inherited  watershed  resources, 
the  soil  mantle  is  most  important.  It  grows 
trees,  grasses,  and  shrubs,  and  is  a  dominant 
influence  in  regulating  streamflow.  As  aptly 
stated  by  Bradley  (1935): 

The  soil  is  the  thing; 

It  tempers  the  surface  climate. 

It  furnishes  water  and  nutrients  for  forage  and  trees, 

It  infiltrates  water  from  storm. 

It  is  the  regulator  of  streamflow. 

Soil  is  alive  —  it  is  dynamic. 

We  must  understand  it. 
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Figure  12.  —  Plant  cover  and  soil  stability. 


Figure  11. -Plants  contribute  to  soil  formation  and  stability. 

The  soils  on  steep  slopes  are  the  product 
of  rock  weathering  and  plant  growth  through¬ 
out  the  ages.  The  only  way  the  soil  mantle 
could  have  been  formed  on  these  steep  slopes 
or  held  in  place  against  the  forces  of  gravity, 
impact  of  rain,  freezing,  thawing,  and  surface 
runoff  is  through  the  interdependent  develop¬ 
ment  of  the  soil  and  plant  cover. 

Anyone  who  has  seen  soil  being  eroded  from 
sprinkling  of  a  newly  planted  lawn  must  be 
impressed  with  the  remarkable  stability  of  the 
soil  and  plant  mantle  on  steep  watershed 
slopes  that  have  been  subjected  to  torrential 
rainstorms  through  the  ages.  Loose  sand  and 
silt  will  stand  against  gravity  without  support 
on  slopes  up  to  about  69  percent.  However, 
when  combined  with  plant  roots  and  organic 
matter,  soil  may  be  held  in  place  on  slopes 
far  beyond  the  angle  of  repose  for  loose 
material,  even  above  175  percent. 
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Soil  cannot  be  formed  on  steep  watershed 
slopes,  nor  can  it  long  exist  there,  without  the 
aid  of  plants.  From  the  time  the  first  mineral 
particles  were  stabilized  on  rock  surfaces  — 
probably  by  lichens  and  mosses  —  on  through 
the  age-old  processes  of  soil  formation  and 


accumulation,  plants  have  exerted  a  domi¬ 
nant  role.  Plants  cushion  the  impact  of  tor¬ 
rential  rains,  provide  organic  matter  for  de¬ 
velopment  processes,  create  channels  for  in¬ 
filtration  and  percolation  of  water,  and  their 
roots  bind  the  soil  mass  together. 


Figure  13.  —  Plant  cover  and  soil  stability.  The  sharp  soil  profile  at  the  brink  of  the 
eroding  cliff  suggests  that  soil  and  cliff  are  eroding  backwards  at  about  the  same  rate. 

(Wood  River  Drainage,  Idaho) 


Soil  stability  during  the  geologic  past  is 
illustrated  by  a  steep  slope  above  the  Wood 
River  at  Hailey,  Idaho.  Here  a  soil  mantle  not 
more  than  one  foot  deep  and  well  covered  with 
vegetation  rests  on  a  100  percent  slope  (see 
photo).  The  soil  extends  down  to  the  very 
brink  of  the  steep  cliff  above  the  river  and 
shows  no  sign  of  oversurface  flow  of  water. 
Moreover,  the  sharp  soil  profile  at  the  cliff’s 
edge  strongly  suggests  that  the  soil  and  cliff 
are  eroding  backward  at  about  the  same  rate. 


THE  SOIL'S  GREAT  VARIABILITY 

Every  stable  soil  has  a  resilient  “armor” 
which  may  range  from  a  thick  tough  cover 
provided  by  the  litter  of  trees,  shrubs  and 
sedges  to  a  thin  easily  damaged,  less  resistant 
mantle  provided  by  annual  grasses  or  forbs. 

“Armor”  is  an  apt  term  for  surface  soil  cover, 
for  once  broken  either  by  natural  processes  or 
man’s  activities,  the  loose  underlying  soil  is 
rapidly  washed  away  by  rainfall. 
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Figure  14.  —  Mountain  soils  vary  greatly  in  depth  and  texture. 


Mantle  depth  also  varies  greatly;  it  is 
only  a  few  inches  deep  on  milliqns  of  acres  in 
the  Salmon  River  and  Sawtooth  Mountains 
of  Idaho  and  Ruby  Mountains  of  Nevada,  but 
several  feed  deep  on  parts  of  the  Wasatch 
Mountains  and  the  high  plateaus.  The  possi¬ 
bility  of  damage  to  thin  soils  from  logging 
and  grazing  should  be  obvious,  as  compared 
to  such  practices  on  deep  soils. 


Texture  is  another  very  important  property 
of  the  soil,  which  may  vary  from  fine  rela¬ 
tively  impervious  silts  and  clays  to  coarse 
gravelly  fragments  easily  permeable  to  water, 
but  with  low  waterholding  capacity.  Figure  14 
illustrates  some  of  these  variations.  They 
show  the  soil’s  remarkable  stability  when 
clothed  with  vegetation,  irrespective  of  tre¬ 
mendous  differences  in  depth  and  texture. 
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OUR  CIVILIZATION  UNDER  THE  DITCH 


AAAN  AND  HIS  ENVIRONMENT 

Thus  far  there  has  been  presented  a  sketch 
of  “the  land  we  live  in”:  its  humid  moun¬ 
tains  and  arid  valleys,  rainfall,  the  snowpack, 
streamflow  and  its  fluctuation,  and  the  soil 
and  plant  mantle  —  that  magic  watershed 
blanket  on  which  the  productive  and  water- 
yielding  characteristics  of  our  watersheds 
depend. 

The  survival  of  this  western  civilization  — 
irrigation,  agriculture,  industries,  and  cities 
themselves  requires  an  understanding  of  the 
peculiar  relationship  of  man  to  his  environ¬ 
ment.  Before  man  entered  the  picture,  streams 
in  this  region  had  definite  characteristics  of 


flow.  In  some  instances  they  were  generally 
clear  and  flowed  with  a  relatively  constant 
volume;  in  others,  the  regimen  was  marked 
by  great  variations  in  volume  and  timeliness 
of  flow,  and  vast  differences  in  sediment  con¬ 
tent.  Regardless  of  specific  differences  be¬ 
tween  streams,  however,  the  most  important 
fact  for  us  to  understand  is  that  each  stream 
is  the  reflection  or  resultant  of  such  normal 
factors  and  forces  as  the  climate,  the  topog¬ 
raphy,  the  geology,  and  the  soil  and  plant 
mantle,  all  of  which  have  been  operating 
through  the  ages  to  give  rise  to  definite  land- 
forms,  specific  soils,  and  characteristic  stream 
channels  and  streamflow. 


Figure  15.  —  Drainage  basins  exhibit  striking  differences  in  soil  and  plant  cover  and  in 
sedimentation.  (Farmington  Creek,  left;  Lost  Creek,  right;  Utah) 


The  striking  difference  in  certain  features 
of  mountain  watersheds  as  man  found  them 
is  illustrated  by  Farmington  Drainage,  near 
Farmington,  Utah,  and  Lost  Creek  Drainage, 
a  tributary  of  Provo  River  above  Provo,  Utah. 

The  steep  slopes  of  the  440  acre  Lost  Creek 
drainage  are  largely  bare  rock  with  a  mantle 
of  soil  and  plants  holding  on  precariously  in 


only  a  few  patches.  Without  a  soil  and  plant 
mantle  to  dispose  of  rainfall  and  snowmelt 
water,  stream  discharge  has  been  violent,  in¬ 
termittent,  and  often  debris-laden.  An  allu¬ 
vial  cone  composed  of  sediments  of  thousands 
of  mud  and  rock  flows  that  have  occurred 
during  the  immediate  geologic  past  has  forced 
the  river  to  the  opposite  side  of  the  canyon. 
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The  photo  shows  the  last  big  flood  in  1938. 

The  6,322-acre  Farmington  Creek  drainage 
about  55  miles  north,  on  the  other  hand,  is 
14  times  larger  than  Lost  Creek  drainage  and 
has  a  soil  and  plant  mantle  that  has  regulated 
streamflow  and  limited  soil  erosion  and  sedi¬ 
ment  throughout  the  ages  as  indicated  by  the 
absence  of  an  alluvial  fan  at  the  canyon 
mouth.  The  race  track  in  the  foreground  is 
on  the  silts  and  clays  deposited  in  ancient 
Lake  Bonneville  about  20,000  years  ago. 

SETTLEMENTS  ON  MOUNTAIN  STREAMS 

When  white  man  first  entered  the  Inter¬ 
mountain  area,  settlements  were  made  on  — 
indeed  limited  to  —  those  areas  where  streams 
from  the  humid  mountains  provided  water  to 
irrigate  the  parched  but  fertile  soil.  Some  of 
these  early  locations  are  yet  only  farms  or 
hamlets  but  others  have  grown  into  thriving 
metropolitan  communities  sustained  by  moun¬ 
tain  water. 

Man  found  that  the  normally  low  summer 


flow  of  the  streams  did  not  coincide  with  his 
needs  for  water.  Moreover,  he  found  the 
desert  valleys  deficient  in  minerals,  timber, 
forage,  and  recreational  opportunities.  So, 
with  consummate  skill,  he  dammed  the 
streams  and  constructed  elaborate  diversion 
works  to  conserve  winter  and  spring  runoff; 
and  with  equal  efficiency,  he  took  to  the  hills 
to  dig  his  mine  shafts,  to  cut  his  timber,  to 
graze  his  flocks,  and  to  build  spiralling  roads 
to  scenic  and  recreational  areas.  Man,  in  this 
western  irrigation  civilization  of  ours  has 
altered  the  long  established  physical  and  bio¬ 
logical  features  of  the  watershed  lands  and 
in  so  doing  has  changed  streamflow  character¬ 
istics. 

When  man  attempts  to  alter  nature,  it  is 
necessary  that  he  understand  the  laws  of 
nature  with  which  he  is  dealing.  The  failure 
of  past  civilizations  under  irrigation  was  pre¬ 
sumably  due  to  failure  of  the  people  to  under¬ 
stand  their  complicated  environment,  or,  if 
they  did  understand  it,  their  unwillingness  to 
adapt  themselves  to  it. 


Figure  16.  —  In  the  Intermountain  West,  cities  and  towns  have  developed 
at  the  mouths  of  canyons.  (Salt  Lake  City,  Utah) 
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WATERSHED  MANTLE  BREAKDOWN 


BALANCE  DISTURBED  BY  MAN 

It  is  evident  that  man,  in  his  utilization  of 
the  watershed  resources  has,  in  many  places, 
disturbed  the  balance  that  has  kept  the  soil 
in  place  and  runoff  under  normal  limits  of 
control,  and  has  thereby  greatly  speeded  up 
erosion  and  overland  flow  of  water  from  pre¬ 
cipitation.  Man,  in  fact,  has  become  a  potent 
geologic  agent. 

We  are  now  witnessing  in  many  parts  of  the 
Intermountain  West,  a  new  epicycle  of  erosion 
—  an  erosional  event  sup)erimposed  on  the 
normal  geologic  cycle.  A  significant  thing 
about  this  new  epicycle  is  that  accelerated 
erosion  and  changed  stream  regimen  are 
taking  place  in  different  topographic  and 
climatic  areas.  This  accelerated  soil  erosion, 
and  abnormal  stream  discharges  are  not  oc¬ 
curring  everywhere,  but  are  confined  almost 
wholly  to  those  areas  where  man  has  altered 
the  natural  plant  cover.  This  new  erosion 
event,  in  other  words,  constitutes  a  marked 
change  from  the  geologic  norm  of  runoff  and 
sedimentation  of  the  immediate  geologic  past. 

The  new  epicycle  of  erosion  has  become 
manifest  in  many  ways.  Recent  sedimentation 
rates  and  the  character  of  the  material  de¬ 


posited  are  often  radically  different  from  the 
geologic  normal.  The  magnitude  of  flood  dis¬ 
charges  has  increased  and  the  recessional 
stages  of  flow  have  decreased.  Signs  of  this 
epicycle  are  also  discernible  on  the  land,  for 
the  history  of  past  erosion  of  a  watershed  is 
written  not  only  in  the  channels  and  deposits 
made  by  streams,  but  also  in  the  profile  of 
the  slopes  and  in  the  soil  body. 


Figure  17.  —  Erosion  has  exposed  roots  of  long-established  plants  and  has  cut  deep 
gullies  into  watershed  soil:  A,  Big  Game  Ridge,  Wyoming;  B,  LaSal  Mountains, 

Utah;  and  C,  Pahvant  Mountains,  Utah. 
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EROSION  OF  WATERSHED  SOIL 

Watershed  soil  that  has  been  ages  in 
forming  and  which  has  been  stable  for  cen¬ 
turies  is  now  being  removed  at  a  rapid  rate. 
Fresh  gullies,  sharply  incised  through  black 
soil,  exposing  the  roots  of  long  established 
plants,  are  clear-cut  evidence  of  the  newness 
of  this  process,  especially  when  undisturbed 
but  otherwise  comparable  sites  are  not  gullied. 
Similarly,  the  presence  of  plants  and  rocks  on 
pedestals  of  soil,  a  gravel  pavement,  and 
accumulations  of  freshly  washed  soil,  gravel, 
and  debris  in  depressions  also  constitute  valid 
evidence  of  accelerated  runoff  and  erosion. 
These  signs  are  to  be  found  in  many  parts  of 
the  Intermountain  West. 


EROSION  OF  STREAM  CHANNELS 

There  is  much  evidence  of  greatly  acceler¬ 
ated  channel  cutting  in  many  areas  of  the 
Intermountain  West.  In  Utah,  for  example,  at 
numerous  places  around  the  shoreline  of  the 
ancient  Lake  Bonneville,  deltas  formed  at 
mouths  of  canyons  have  been  cut  by  floods 
of  historic  times  to  depths  that  are  as  deep 
as  or  deeper  than  all  of  the  cutting  that  had 
previously  occurred  since  the  lake  waters 
receded  from  the  deltas  many  thousands  of 
years  ago.  Here  again,  this  recent  channeling 
has  been  selective,  having  occurred  only  at 
the  mouths  of  drainage  basins  in  which  the 
plant  and  soil  cover  in  the  headwater  areas 
had  been  damaged  by  overgrazing  by  livestock 
and  man-set  fires. 


Figure  18. 

Deep  ehannels  have 
been  eut  into 
long-stable, 
stream  eourses 
and  valley  fill. 

(A, Ephraim  Creek 
Utah;  B,  Kanab 
Creek,  Utah) 
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Figure  19.  —  Channel  cut  by  runoff  from  1.23 
inches  of  torrential  rainfall,  1936.  (Davis 
County  Experimental  Watershed,  Utah) 


Prior  to  settlement,  and  extending  back 
over  long  periods  of  time,  many  valley  tribu¬ 
taries  to  the  Colorado  River  were  aggrading 
—  being  slowly  filled  with  alluvium.  In  the 
last  100  years  the  processes  of  aggradation  in 
these  valleys  has  been  reversed  and  the  re¬ 
moval  of  these  materials  by  channeling  is 
occurring  extensively.  Possible  causes  of  the 
present  channeling  of  the  previously  stable 
valley  fill,  such  as  change  in  the  climate,  tilt¬ 
ing  of  the  earth’s  surface,  and  changes  in  kind 
and  density  of  plant  cover  were  considered. 
The  only  known  change  capable  of  reversing 
the  geologic  processes  was  found  to  be  deple¬ 
tion  and  modification  of  the  plant  cover  on  the 
watershed  lands  by  overgrazing  and  the  in¬ 
vasion  of  the  valley  courses  by  roads  and 
trails.  Naturally  barren  drainage  basins  like 
Bryce  Canyon  are  continuing  to  flood,  to 
erode,  and  to  yield  sediments  at  the  old  nor¬ 
mal  rate. 


RAINSTORM  FLOODS 

Many  rainstorm  floods  are  by-products  of 
watershed  mantle  breakdown.  Often,  these 
floods  are  highly  laden  with  rock,  soil,  and 
other  debris  and  are  commonly  called  “mud- 
rock  flows.”  Serious  damage  to  cities,  towns, 
and  farms,  and  some  loss  of  life,  have  been 
caused  by  them  during  the  past  50  years. 
Mud-rock  floods  are  associated  with  torrential 
summer  rains  on  plant-depleted  and  gullied 
watershed  lands.  They  should  not  be  con¬ 
fused  with  the  normal  high  spring  runoff  from 
melting  of  the  snowpack  with  which  the  term 
“flood”  is  sometimes  associated. 


Figure  20.  —  Rainstorm  floods  have  ripped 
through  150-year-old  timber  stands  as  a  re¬ 
sult  of  Watershed  mantle  breakdown.  (Te¬ 
ton  Mountains,  Wyoming) 
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Table  2.— Summary  of 

Watershed 

some  serious 

Flood  Dates 

summer 

Area 

rainstorm  floods  in  Utah, 
—  Acres 

Idaho,  and  Nevada 
Damage 

Total 

Flood 

Source 

Per  Acre 
Watershed 

Per  Flood 
Source  Acre 

Total 

Willard  . . . 

1923-1936 

3,046 

1,430 

$  65 

$  139 

$200,000 

Farmington  . 

1923-1930 

6,322 

715 

36 

316 

226,235 

Steed  . 

1923-1930 

1,767 

175 

46 

459 

80,463 

Ford  . . 

1923-1930 

1,507 

125 

185 

2,227 

278,422 

Davis  . . 

1930 

1,005 

75 

118 

1,582 

118,682 

Barnard  . . . 

1930 

889 

50 

15 

265 

13,290 

Parrish  . . 

1930 

1,378 

175 

244 

1,922 

336,497 

Perry  &  vie.  (SLC) . . 

8/19/45 

1,008 

613 

344 

566 

347,000 

Pleasant  Creek  . . . 

7/24/46 

11,360 

1,682 

9 

63 

106,199 

Boise  Front  . . . 

8/20/59 

5,000 

5,000 

120 

120 

600,000 

Galena  Creek,  Nev . 

1952-1956 

70,000 

3,000 

0.71 

17 

50,000 

SEDIMENTATION 

Sedimentation  of  stream  courses  and  stor¬ 
age  reservoirs  constitutes  the  greatest  single 
threat  to  the  West’s  water  supply.  This  state¬ 
ment  is  given  great  credence  by  the  fact  that 
the  soil  perched  perilously  on  watersheds 
above  storage  reservoirs  is  enough  to  fill  from 
several  to  a  thousand  times  those  that  now 
exist  and  others  that  are  planned  for  the 
future.  Modern  archeologists  have  uncovered 
ancient  cities  in  Asia  and  the  Near  East  that 
had  been  buried  in  sediments  which,  according 


to  historians,  were  eroded  from  timber-covered 
watersheds  whose  soils  had  been  exposed  by 
deforestation  and  over-grazing. 

THE  NATIONAL  SEDIMENTATION  PICTURE 

Before  discussing  sedimentation  problems 
in  the  Intermountain  West,  a  few  quotations 
on  the  national  reservoir  sedimentation  prob¬ 
lem  are  of  great  interest. 

In  November  1941  the  National  reservoir 
inventory  of  the  Soil  Conservation  Serv¬ 
ice  contained  records  of  about  8,900  dams 


Figure  21.  —  Debris  catchment  basin  above  reservoir  near  Santa  Barbara,  California. 
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and  reservoirs,  exclusive  of  more  than 
3,800  listed  farm  ponds,  conservation 
ponds,  and  low  power  dams.  It  is  esti¬ 
mated  that  more  than  $4,450,000,000  has 
been  invested  in  these  water -utilization 
developments,  including  those  under  con¬ 
struction  during  1941.  This  vast  sum 
represents,  for  the  most  part,  only  the 
cost  of  the  dams  and  reservoirs.  Except 
for  power  plants  built  into  the  dams,  it 
does  not  include  dependent  develop-, 
ments,  such  as  water -filtration  plants, 
irrigation  canals,  and  power  transmis¬ 
sion  lines . . . 

Among  the  more  important  problems  in 
the  development  and  maintenance  of 
impounding  reservoirs  is  the  loss  of 
storage  capacity  by  silting .  . .  Reservoir 
silting  is  today  a  serious  problem,  not 
just  because  sediment  is  deposited,  but 
because  it  is  deposited  in  such  quantities 
as  to  cause  serious  economic  and  social 
losses  to  this  generation  and  the  next. 
The  primary  cause  of  this  condition  is 
accelerated  soil  erosion  . . . 

A  study  of  the  effects  of  silting  on  the 
output  of  power  reservoirs  in  the  South 
Atlantic  and  Eastern  Gulf  drainage 
basins  of  North  Carolina,  South  Caro¬ 
lina,  Georgia,  and  Alabama  during  the 
drought  year  1941  revealed  a  net  loss  of 
about  90,000,000  kilowatt-hours  as  a  re¬ 
sult  of  depleted  storage  capacities.  At 
the  cheapest  rates  for  secondary  power, 
this  amount  of  electricity  has  a  value  of 
more  than  $250,000. 

On  the  basis  of  these  and  a  few  other 
economic  studies,  it  seems  apparent  that 


the  average  annual  damage  to  all  reser¬ 
voirs  in  the  United  States  is  not  less  than 
$10,000,000.  Damage  may  be  several 
times  this  amount,  perhaps  as  high  as 
$50,000,000  annually.  (Brown  1944) 

POTENTIAL  SEDIMENTATION 

Development  over  the  ages  of  extremely 
high  potential  for  sediment  production  may 
be  illustrated  by  a  hypothetical  example.  At 
a  time  in  the  remote  past  when  the  land  sur¬ 
face  was  largely  bare  rock  and  without  a  plant- 
protected  soil,  torrential  rains  washed  the 
weathered  material  into  the  valley  about  as 
fast  as  it  was  produced.  Then,  as  plants  devel¬ 
oped  —  lichens,  mosses,  and  finally  seed 
plants  —  the  rock  fragments  were  held  in 
place  by  them  and  a  soil  mantle  gradually 
developed.  Over  the  ages,  as  the  soil  and  plant 
mantle  accumulated,  often  to  a  depth  of  2 
to  4  feet,  the  sedimentation  rate  of  course 
decreased  accordingly  —  possibly  to  as  low 
as  0.0025  acre-feet  per  square  mile  per  year  — 
to  use  an  actual  measured  example.  This  low 
rate  of  sediment  production  existed  for  thou¬ 
sands  of  years  as  the  soil  mantle  got  deeper 
and  deeper,  which  of  course,  increased  the 
amount  of  potential  sediment  on  the  water¬ 
shed  from  practically  nothing  (bare  rock  con¬ 
dition)  to  thousands  of  acre-feet  (deep  soil). 

This  long-stable  soil  mantle  is  perched  like 
the  proverbial  “sword”  ready  to  be  released 
if  the  grasses,  shrubs,  and  trees  that  bind  the 
soil  in  place  are  damaged  or  destroyed  by 
excessive  use,  fire,  or  other  causes.  Based  on 
actual  measurements,  sediment  production 
may  be  increased  from  1,000  to  6,000  times 
by  improper  land  use. 


Figure  22. 

Soil  held  in  place  on 
these  steep  slopes 
could,  if  released,  fill 
this  reservoir 
(Pine  View  Reservoir, 
Utah) 
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An  example  of  high  sedimentation  potential 
damage  is  provided  by  the  relationship  of  the 
200,000-acre  Ogden  River  Watershed  to  the 
Pine  View  Reservoir  with  a  storage  capacity 
of  110,000  acre-feet.  Only  a  few  inches  of  soil 
eroded  from  the  watershed  and  transported  to 
the  reservoir  would  be  enough  to  replace  much 
of  the  storage  capacity. 

The  tremendous  speed  at  which  long-stable 
soils  and  valley  sediments  were  washed  away 
in  certain  valleys  of  the  Colorado  River  drain¬ 
age  is  described  as  follows: 

. . .  the  amount  of  fill  removed  in  a  typical 
one-mile  stretch  is  estimated  as  one 
million  cubic  yards  for  Grand  Gulch, 
800,000  cubic  yards  for  Cottonwood  Can¬ 
yon,  and  650,000  for  Butler  Wash.  North 
of  Wilson  Mesa,  a  canyon  6  miles  long, 
160  to  200  feet  wide,  and  once  filled  to  a 
depth  of  nearly  80  feet,  has  been  entirely 
stripped  of  alluvium. 

It  seems  reasonable  to  assume  that  the 
time  consumed  in  tearing  down  and 
transporting  such  great  quantities  of 
sand,  gravel,  and  silt  from  hundreds  of 
canyon  floors  would  be  measured  at 
least  by  centuries,  but  nearly  all  the  ter¬ 
races  have  been  formed  during  the  last 


50  years,  many  during  the  last  10  years, 
and  each  year  adds  to  their  number. 
(Gregory  1938) 

SEDIMENT  IN  UPLAND  STREAMS 

Sediment  that  comes  from  sheet  and  gully 
erosion  on  mountain  watershed  lands  does 
damage  to  the  headwater  streams  above  the 
valley  bottoms  in  a  variety  of  ways.  Damage 
to  the  fishing  resources  can  be  serious  as 
observed  in  the  Snake  and  Salmon  River 
drainages  of  Idaho,  where  salmon  spawning 
beds  have  been  damaged  or  destroyed  by 
sediments.  Following  a  recent  rainstorm  flood 
heavily  laden  with  sediment  in  the  Upper 
Salmon  River,  fisheries  experts  estimated  the 
value  of  river-bottom  salmon  spawning  beds, 
damaged  by  sediment,  as  high  as  $80,000  per 
acre  per  year.  Duration  of  the  damaged  con¬ 
ditions  will  depend  on  the  amount  and  char¬ 
acter  of  undesirable  sediments  deposited  and 
the  time  required  for  them  to  be  washed  out 
of  the  spawning  beds.  This  may  vary  from  a 
few  to  many  years.  Sediment  damages  pools, 
meanders,  and  riffle  sections  of  streams  that 
provide  the  important  spawning  and  feeding 
areas.  Sport  fishing  on  National  Forest  lands 
in  the  Intermountain  Region  alone  in  1962 
put  an  estimated  14  million  dollars  in  circula¬ 
tion  by  1.9  million  fishermen. 


Figure  23.  —  Many  upland  streams  are  choked  with  sediment  from 
eroded  watershed  soil.  (Salmon  River,  Idaho) 
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Silt  in  upland  streams  can  do  great  damage 
in  many  other  ways.  For  example,  there  is  a 
large  number  of  small  to  medium  hydro-elec¬ 
tric  plants  on  or  near  National  Forest  lands 
in  the  Intermountain  Region,  all  subject  to 
various  degrees  of  damage  by  silt  and  sediment 
floods.  Then,  too,  sediments  are  a  threat  by 
pollution  and  physical  damage  to  irrigation 
systems,  to  domestic  water  supplies,  and  to 
cities  and  towns. 


Figure  24.  —  Silt  dredged  from  canal.  (Horse¬ 
shoe  Bend,  Idaho) 


DAVIS  COUNTY  FLOOD  SEDIMENTS 

Sediments  produced  by  the  Davis  County, 
Utah  floods  of  1912,  1923,  and  1930  were  with¬ 
out  precedent  in  modern  times.  A  report  of 
extensive  studies  of  the  1923  and  1930  floods 
stated  that; 

It  is  concluded  upon  the  foregoing  geo¬ 
logic  evidence  that  the  1923  and  1930 
floods  marked  a  radical  departure  from 
the  normal  post- Bonneville  erosion  and 
sedimentation  in  the  canyons  of  Farm¬ 
ington- Centerville  District.  In  depth  of 
cutting,  quantity  of  material,  and  in  size 
of  boulders  carried,  these  floods  exceed 
any  others  that  have  taken  place  in  this 
locality  since  the  recession  of  Lake  Bon¬ 
neville.  The  alluvial  deposits  made  since 
the  time  of  Lake  Bonneville  (about 
20,000  years)  are  small,  and  the  quantity 
of  material  brought  from  the  canyons 
and  added  to  them  by  the  recent  floods 
is  all  out  of  proportion  to  the  amount 
brought  down  through  the  previous 
thousands  of  years  of  Lake  Bonneville 
history.  (Bailey,  Forsling,  and  Becraft 
1935) 


This  conclusion  is  vividly  illustrated  by  the 
accompanying  photographs:  one  showing  the 
fine  sediments  of  the  Lake  Bonneville  period; 
the  other  a  200-ton  boulder  from  the  1930 
mud-rock  flood. 

It  is  interesting  indeed,  that  measurements 
of  sediment  from  the  seriously  overgrazed 
Parrish  Creek,  Utah,  watershed  for  the  17 
years  immediately  following  the  1930  flood 
averaged  6.25  acre-feet  per  year  for  each  square 
mile  of  watershed.  This  sediment  rate  is  about 
2500  times  greater  than  the  0.0025  acre-feet 
per  square  mile  per  year  for  the  near  pristine 
Morris  Creek  watershed,  nearby,  during  the 
same  period. 


Figure  25.  —  In  size  and  quantity,  historic 
stream  sediments  (above)  greatly  exceed 
those  of  the  geologic  past  (below).  (Center¬ 
ville,  Utah) 
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SEVIER  RIVER  SEDIMENTS 

Sedimentation  in  some  of  the  channels  and 
reservoirs  in  the  Sevier  River  Basin,  Utah,  is 
particularly  serious.  The  Sevier  Bridge  Reser¬ 
voir  had,  according  to  a  survey  by  the  State 
of  Utah,  an  original  cap>acity  of  about  250,000 


acre-feet  when  completed  in  1912.  A  1940 
survey  by  the  Soil  Conservation  Service  shows 
a  loss  of  about  16,000  acre-feet  in  28  years. 
This  represents  a  storage  capacity  loss  each 
year  of  water  sufficient  to  irrigate  a  250-acre 
farm. 


Figure  26.  —  Sediment  in  the  Sevier  Bridge  Reservoir  near  Fayette,  Utah  (above) 
and  in  the  Otter  Creek  reservoir  near  Antimony,  Utah  (below). 


Sediment  in  the  Sevier  River  10  miles  above 
the  reservoir  near  the  town  of  Redmond,  be¬ 
came  such  a  serious  problem  that  the  U.  S. 
Corps  of  Engineers  dredged  the  channel  and 
installed  facilities  to  keep  it  clear  of  sediment. 
This  cost  about  1 million  dollars.  The  work 
seems  to  be  protecting  the  Redmond  area  from 
silt  damage  by  flushing  sediment  downstream 
—  to  the  reservoir.  However,  sediment  prob¬ 
lems  are  usually  not  solved  by  shifting  the 
deposits  from  one  place  to  another.  The  prob¬ 
lem  must  be  attacked  at  its  source  —  on  the 
watershed  lands  and  in  the  high  valleys  where 


surface  runoff  and  soil  erosion  originate  which 
result  in  downstream  sedimentation.  Correct¬ 
ing  this  problem  is  largely  a  job  of  land  man¬ 
agement  on  the  watershed. 

LAKE  MEAD  SEDIMENTS 
The  Colorado  River  Basin  has  been  recog¬ 
nized  for  a  long  time  as  a  naturally  heavy 
producer  of  sediment.  Authorities  who  have 
made  careful  study  of  watershed  conditions, 
however,  contend  that  a  large  amount  of  the 
sediment  now  carried  by  the  river  is  the  result 
of  accelerated  erosion. 

The  sedimentation  threat  to  Lake  Mead 
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was  described  by  an  eminent  engineer  as 
follows: 

The  construction  of  large  storage  reser¬ 
voirs  on  some  of  the  silt-laden  streams 
of  the  West  has  focused  attention  on  the 
part  sedimentation  will  play  in  the  future 
history  of  Western  civilization.  . . . 

The  Boulder  Dam  in  the  Colorado  River 
will  create  the  largest  storage  reservoir 
in  the  world.  Upon  it  will  depend  not 
only  the  security  of  the  entire  Imperial 
Valley  against  damages  from  floods,  and 
the  irrigation  of  millions  of  acres  of  land, 
but  also  the  domestic  and  irrigation 
supply  for  the  metropolitan  district  of 
Southern  California.  The  ability  to 
furnish  power  to  the  people  in  seven 
States  also  hinges  upon  its  functioning. 
Unless  remedial  measures  are  adopted, 
this  reservoir  will  become  virtually  use¬ 
less,  by  reason  of  silt  deposits,  before  the 


passing  of  the  fifth  generation.  (J.  C. 
Stevens  1936) 

Capacity  of  Lake  Mead  originally  was  about 
32,000,000  acre- feet,  but  sedimentation  is  re¬ 
ported  to  be  in  excess  of  100,000  acre-feet  a 
year  —  1,000,000  acre-feet  in  10  years. 

In  the  long  run  the  multi-billion  dollar  cost 
of  the  huge  Colorado  River  Storage  Project 
will  be  trivial  compared  to  the  economic  and 
social  distress  that  could  occur  if  water  stor¬ 
age,  flood  control,  and  power  generation  are 
seriously  impaired. 

ELEPHANT  BUTTE  SEDIMENTS 

Elephant  Butte  reservoir  on  the  Rio  Grande, 
about  125  miles  below  Albuquerque,  also  pro¬ 
vides  an  object  lesson  in  the  consequences  of 
sedimentation.  The  dam  was  completed  in 
1915  to  stbre  about  2.6  million  acre-feet  of 
water.  By  1947  about  437,000  acre-feet  of 
sediment  (17%  of  total  capacity)  had  been 
deposited  above  the  dam.  In  addition  to  this 
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storage  loss,  it  is  estimated  that  about  300,000 
acre-feet  of  water  is  lost  annually  to  plants 
(phreatophytes)  that  have  invaded  the  newly 
deposited  sediments  in  the  river  bed  above 
the  dam. 

The  Commissioner  of  Reclamation,  at  a 
meeting  in  Albuquerque  about  15  years  ago, 
expressed  the  shocking  truth  this  way: 

Gentlemen,  because  of  your  dire  need,  I 
have  decided  to  approve  and  support  the 
plan  and  expenditure  of  approximately 
one-hundred  million  dollars,  but  I  want 
to  warn  you  that  for  this  $100,000,000 
we  are  buying  approximately  50  years 
of  time  unless  the  destructive  land  uses 
of  the  Rio  Grande  watershed  are 
changed  and  improved.  Unless  your  land 
uses  are  drastically  improved  at  the  end 
of  such  period  your  reservoirs  will  be 
filled  with  silt  and  the  valley  will  be 
again  choked  with  the  deposits  washed 
from  the  uplands  into  the  valley.  (Shep¬ 
hard  1945) 

Although  the  proposed  expenditure  was  not 
made,  the  problem  has  been  attacked  recently 
by  construction  of  river  channels  to  by-pass 
the  sediment  beds  and  by  eradication  of  use¬ 
less  water-consuming  plants.  Then  too,  it  is 
reported  that  study  of  the  big  program  of 
structural  measures  for  sediment  control  re¬ 
ferred  to  above  has  been  reactivated.  In  con¬ 
nection  with  this,  a  sharp  look  is  being  taken 
also  at  the  land  use  problem  referred  to  by 
Commissioner  Straus. 

ECHOES  FROM  THE  PAST 

Peoples  of  past  civilizations  have  experi¬ 
enced  problems  that  grew  out  of  damage  to 
watershed  vegetation,  soil  erosion,  and  sedi¬ 
mentation.  Discerning  men  who  have  wit¬ 
nessed  the  effects  of  watershed  breakdown 
have  left  statements  that  eloquently  describe 
conditions  and  consequences. 

North  Africa 

Many  shepherds  have  destroyed  my  vin- 
yard;  they  have  trampled  down  my 
portion;  they  have  made  my  pleasant  lot 
a  desolate  waste.  They  have  made  it  a 
desolation;  in  its  desolation  it  mourns 
me;  the  whole  land  is  made  desolate  be¬ 


cause  no  man  layeth  it  to  heart.  (Jere¬ 
miah  12:  10-11  Am.  Trans.  600  B.  C.) 

Greece 

There  are  mountains  in  Attica  which 
can  now  keep  nothing  but  bees,  but  which 
were  clothed,  not  so  very  long  ago,  with 
fine  trees  producing  timber  suitable  for 
roofing  the  largest  buildings,  and  roofs 
hewn  from  this  timber  are  still  in  exist¬ 
ence.  There  were  also  many  lofty  culti¬ 
vated  trees,  while  the  country  produced 
boundless  pasture  for  cattle. 

The  annual  supply  of  rainfall  was  not 
lost,  as  it  is  at  present,  through  being 
allowed  to  flow  over  a  denuded  surface  to 
the  sea,  but  was  received  by  the  country, 
in  all  its  abundance  —  stored  in  pervious 
potter’s  earth  —  and  so  was  able  to  dis¬ 
charge  the  drainage  of  the  heights  into 
the  hallows  in  the  form  of  springs  and 
rivers  with  an  abundant  volume  and  wide 
territorial  distribution.  The  shrines  that 
survive  to  the  present  day  on  the  sites  of 
extinct  water  supplies  are  evidence  for 
the  correctness  ofmy  present  hypotheses. 
(Criteas  of  Plato,  427-347  B.C.) 

The  Mediterranean  Basin 

Man  is  constantly  modifying  the  earth 
and  making  it  more  and  more  uninhab¬ 
itable  .  .  .  The  Roman  Empire,  at  the 
period  of  its  greatest  expansion,  com¬ 
prised  the  regions  of  the  earth  most 
distinguished  by  a  happy  combination  of 
physical  conditions, .  .  .  in  climate,  in 
fertility  of  soil,  in  variety  of  vegetable 
and  mineral  products  .  .  .  advantages 
which  have  not  been  possessed  in  an 
equal  degree  by  any  territory  of  like  ex¬ 
tent  in  the  Old  World  or  the  New . .  . 
Today  we  find  that  more  than  one  half 
of  their  whole  extent  is  either  deserted 
by  civilized  man  and  surrendered  to 
hopeless  desolation  or  at  least  greatly 
reduced  in  both  productiveness  and 
population  .  .  .  vast  forests  have  dis¬ 
appeared,  soils  of  the  alpine  pastures  . . . 
are  washed  away;  meadows  once  ferti¬ 
lized  by  irrigation  are  waste  and  unpro¬ 
ductive  .  .  .  (Marsh,  1861,  The  Earth  as 
Modified  by  Human  Action) 
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HOW  WATERSHEDS  FUNCTION 


In  this  section  we  shall  consider  briefly  how 
watersheds  convert  the  rain  and  snow  they 
receive  to  streamflow  and  ground  water,  and 
the  relation  of  soil  and  vegetation  to  the  proc¬ 
esses  involved.  Professor  Thomas  C.  Cham¬ 
berlain,  eminent  geologist  of  the  University 
of  Chicago,  addressed  the  “Governors’  Con¬ 
ference”  of  1908,  called  by  President  Theo¬ 
dore  Roosevelt,  to  consider  the  Nation’s  forest 
and  water  resources.  He  pointed  out  the  inter¬ 
relatedness  of  plants,  soil,  and  water,  a  con¬ 
cept  that  has  been  proved  fundamental  by 
subsequent  experience  and  research,  in  the 
following  words: 

Soil  production  is  very  slow.  I  should  be 
unwilling  to  name  a  mean  rate  of  soil 
formation  greater  than  one  foot  in  10,000 
years.  In  the  Orient  there  are  large  tracts 
almost  absolutely  bare  of  soil  on  which 
stand  ruins  implying  former  flourishing 
populations  .  .  .  It  must  be  noted  that 
more  than  a  loss  of  soil  fertility  is  here 
menaced.  It  is  loss  of  the  soilbody  itself, 
a  loss  almost  beyond  repair.  When  our 
soils  are  gone  we  too  must  go  unless  we 
find  some  way  to  feed  on  raw  rock  or  its 


equivalent . . .  The  key  lies  in  the  control 
of  the  water  which  falls  on  each  acre . .  . 
This  gives  a  minimum  of  wash  to  foul 
the  streams,  to  spread  over  the  bottom 
lands,  to  choke  up  the  reservoirs,  to 
waste  water  power,  and  to  bar  up  the 
navigable  rivers  .  . . 

WATERSHED  RESEARCH 

The  development  of  the  National  Forest 
system  did  more  for  conservation  than  to 
initiate  management  of  the  National  Forest 
lands.  It  led  also  to  a  program  of  scientific 
research  into  the  facts  and  principles  essential 
for  improving  management,  not  just  for 
National  Forest  lands,  but  for  forest  and 
range  lands  in  all  ownerships. 

Early  forest  administrators,  faced  with 
problems  of  handling  land  areas  of  great  phys¬ 
ical  and  biological  complexity,  sensed  the  need 
for  research  help,  and  a  branch  of  research  was 
organized  in  the  Forest  Service  and  scientists 
were  put  to  work  to  provide  answers.  Con¬ 
tributions  of  wildland  research  to  conservation 
have  filled  many  books  and  have  reached  into 
every  phase  of  wildland  management. 


Figure  28.  —  Many  kinds  of  data  must  be  obtained  in  conducting  watershed  research 


Management  of  wildlands  for  water  control 
is  largely  the  management  of  uses  of  the 
lands  —  grazing,  timber  harvesting,  road 
building,  mining,  and  recreation.  Therefore, 
knowledge  of  all  phases  of  use  is  essential  to 
an  understanding  of  how  watersheds  function. 

We  have  now  gotten  more  knowledge  of  our 
forest  resources,  of  forest  growth  and  drain, 
as  surveys  have  gone  forward  and  new  and 
more  efficient  survey  methods  have  been  de¬ 
veloped.  Research  has  determined  silvicultural 


requirements  and  cutting  practices  of  a  num¬ 
ber  of  forest  types,  to  insure  maximum  sus¬ 
tained  production.  It  has  tackled  the  problem 
of  getting  natural  regeneration  in  forests,  of 
artificial  planting  in  cut-over  areas  and  burns 
that  are  now  brushfields,  and,  on  the  other 
hand,  of  stepping  up  production  in  crowded, 
stagnated  stands.  It  has  contributed  to  a 
knowledge  of  fire  detection,  behavior,  and 
control,  and  has  developed  methods  of  coping 
with  certain  forest  insects  and  diseases. 


Figure  29.  —  Civilian  Conservation  Corps\pioneering  the  construction  of  experimental 
contour-trenches,  1936.  (Davis  County  Experimental  Watershed,  Utah) 


Research  has  also  developed  and  tested 
methods  of  stabilizing  gullied  watershed  soil 
that  has  been  damaged  by  rainstorm  runoff. 
Contour-trenches,  used  today  in  the  Inter¬ 
mountain  West  and  some  foreign  countries, 
are  the  result  of  about  30  years  of  research 
and  development  by  the  Intermountain  Forest 
and  Range  Experiment  Station  and  National 
Forest  Administration.  The  first  contour- 
trenches  were  constructed  in  1933  using  horse- 
drawn  plows,  tractors  with  bulldozers,  and 
hand  labor  on  slopes  up  to  35  percent.  Now 
all  work  is  done  by  heavy  machinery  on  slopes 
up  to  70  percent. 

Range  research  has  tested  methods  of  graz¬ 


ing  management  to  improve  forage  and  to 
check  erosion  where  native  plant  cover  has 
been  damaged  by  overuse.  It  has  brought  to 
light  facts  about  the  forage  requirements  of 
wildlife  from  which  we  hope  to  strike  a  proper 
balance  between  wildlife  and  livestock  use. 
It  has  developed  criteria  by  which  the  land 
manager  “reads  the  range,”  evaluates  its  con¬ 
dition  and  learns  whether  it  is  getting  better 
or  worse.  It  has  developed  methods  of  getting 
rid  of  undesirable  species  and  methods  of 
artificial  seeding;  and  it  has  introduced  and 
tested  new  plants  that  have  proven  their  value 
or  that  hold  great  promise  for  conservation, 
both  as  forage  and  for  controlling  erosion. 
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Figure  30.  —  Experimental  contour-trenches  built  in  1935  were  damaged  by  melted  snow 
runoff  (left);  ten  years  later  after  repair  and  seeding  (right). 

(Davis  County  Experimental  Watershed,  Utah) 


The  fact  may  seem  strange  to  us  now  that 
the  watershed  value  of  forests  was  a  subject 
of  very  live  controversy  50  years  ago.  Water¬ 
shed  research  has  established  many  of  the 
relations  between  vegetation,  erosion  and 
streamflow,  not  only  for  timberland,  but 
for  brushland  and  grassland  as  well.  This 
research  has  demonstrated  that  all  vegetation, 
even  lowgrowing  herbaceous  plants,  plays  an 
important  role  in  the  reception  and  disposition 
of  water  on  each  part  of  the  earth’s  surface  on 
which  it  grows.  It  has  demonstrated  that  re¬ 
lations  exist  between  the  uses  made  of  wild¬ 
lands  and  their  ability  to  control  water  and 
erosion,  and  it  has  made  a  start  in  establish¬ 
ing  cover  requirements  of  safe  use. 

DEVELOPMENT  OF  CONCEPTS 
But  going  beyond  any  single  field,  research 
has  made  its  greatest  contributions  in  the 
development  of  basic  concepts.  These  include 
a  growing  understanding  of  the  interrelated¬ 
ness  of  plants,  animals,  soils,  and  water;  a 
growing  appreciation  of  the  functioning  of 
each  tract  of  wildland,  be  it  covered  with  trees, 
sagebrush,  or  grass,  in  its  disposal  of  rain  and 
snow,  in  its  production  of  grass  or  timber,  and 
in  its  protection  of  soil.  Such  understanding 
forms  the  solid  foundation  of  true  conserva¬ 
tion. 


HISTORY  OF  WATER  RESEARCH  IN  THE 
INTERMOUNTAIN  WEST 

The  first  formal  watershed  research  in  the 
Intermountain  West  began  with  the  establish¬ 
ment  in  1912  of  the  Great  Basin  Experimental 
Area  near  Ephraim,  Utah.  The  first  study  was 
concerned  with  the  relation  of  vegetation  to 
surface  runoff  and  soil  erosion.  The  now 
famous  10-acre  watersheds  A  and  B,  estab¬ 
lished  at  that  time,  are  believed  to  have  longer 
continuous  measurements  of  runoff  and  soil 
erosion  in  relation  to  plant  cover  than  any 
other  watersheds  in  the  world. 

In  response  to  a  great  need  for  knowledge  in 
all  phases  of  wildland  management.  Congress, 
in  1927,  passed  the  McSweeny-McNary  Law 
authorizing  the  establishment  of  forest  and 
range  experiment  stations  in  10  National 
Forest  Regions  and  in  Puerto  Rico.  The 
Intermountain  Forest  and  Range  Experiment 
Station  was  established,  with  headquarters  at 
Ogden,  Utah,  and  research  on  all  phases  of 
forest  and  range  problems  was  authorized,  in¬ 
cluding  watershed  research.  The  watershed 
investigations  that  had  been  underway  since 
1912  at  the  Great  Basin  Experimental  Area 
were  expanded  in  scope  and  intensity  to  in¬ 
clude  different  conditions  in  all  parts  of  the 
new  station  territory,  comprising  Utah,  Ne- 
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vada,  southern  Idaho,  and  western  Wyoming. 
In  1953,  northern  Idaho  and  Montana  were 
placed  under  the  Intermountain  Forest  and 
Range  Experiment  Station  and  watershed 
investigations  were  continued  and  enlarged  in 
these  states. 

RESULTS  OF  RESEARCH 

In  the  field  of  watershed  management  re¬ 
search,  experiments  have  been  carried  on 
during  the  past  50  years  to  determine  how 
the  water  from  rain  and  snow  is  disposed 
of  on  watershed  slopes.  This  has  involved  the 
following  determinations: 

•  Precipitation — its  character  and  amount. 

•  The  origin  of  streamflow. 

•  Loss  of  water  by  interception  of  precipi¬ 
tation  by  vegetation. 

•  Over-surface  runoff. 

•  Infiltration  and  percolation  of  rainfall 
and  snowmelt. 

•  Relation  of  vegetation  and  litter  cover 
to  runoff  from  watershed  slopes,  soil 
erosion,  and  floods. 

•  Consumption  of  water  by  vegetation. 

These  studies  have  been  carried  on  using 

small  plots  up  to  1/10  acre  in  size,  and  com¬ 
plete  watersheds  varying  in  size  from  10  acres 
to  several  hundred  acres.  Results  have  been 
reported  in  more  than  100  publications  but 
only  the  highlights  of  the  most  significant  ex¬ 
periments  can  be  reported  here. 

RUNOFF  EXPERIMENTS  ON  PLOTS 

Parrish  Creek  surface  runoff  plots  —  Sixteen 
plots  to  measure  surface  runoff  and  erosion 
were  constructed  in  1934  at  the  head  of  Par¬ 
rish  Creek,  elevation  8,200  ft.,  on  the  Davis 
County  Experimental  Watershed,  to  check  the 
conclusion  reached  by  the  Bern  Flood  Com¬ 


mission  in  1930,  that  the  floods  were  due 
primarily  to  reduction  in  vegetation  on  the 
watershed  slopes.  This  group  of  experimental 
plots  consisted  of  six  1/40-acre  plots  on  flood- 
source  land  with  sparse  annual  weed  cover, 
six  1 /40-acre  plots  with  depleted  brush  cover, 
and  four  1/10-acre  plots  with  cover  of  aspen 
trees  and  herbaceous  plants  from  which  no 
flood  water  came.  All  are  equipped  to  measure 
precipitation,  surface  runoff,  and  soil  eroded. 

From  1936  to  1946,  the  plots  had  complete 
protection  from  grazing.  Precipitation,  surface 
runoff,  and  soil  eroded  were  carefully  meas¬ 
ured.  Here  the  results  are  summarized:  (1) 
The  1/40-acre  flood-source  area  plots  with 
only  a  10%  cover  of  the  small  annual  weeds 
(kitchen  weed)  allowed  about  20%  of  rain¬ 
fall  to  discharge  as  surface  runoff  from  storms 
with  a  maximum  intensity  of  only  1.5  inches 
per  hour  for  5  minutes.  Over-surface  discharge 
increased  up  to  about  60%  of  rainfall  when 
intensity  reached  6.0  inches  per  hour.  Soil 
loss  varied  from  8  cu.  ft.  to  33  cu.  ft.  per  acre. 
Total  rainfall  in  individual  storms  varied  from 
0.5  inch  to  1.14  inches  during  a  15  to  30 
minute  period.  (2)  Surface  runoff,  on  the 
other  hand,  from  the  1/10-acre  nonflood 
source  plots,  which  received  the  same  storms, 
was  practically  nothing  —  about  0.5  of  one 
percent  of  precipitation,  and  no  soil  was 
eroded. 

These  results  confirmed  the  conclusions 
reached  by  the  Bern  Flood  Commission  in¬ 
vestigators,  that  destruction  of  vegetation  on 
parts  of  the  upper  watersheds  of  Farmington, 
Steed,  Davis,  Ford,  Barnard,  and  Parrish 
Creeks  was  the  principal  cause  of  the  devas¬ 
tating  floods  form  1923  to  1930. 


Figure  31.  —  Parrish  runoff  plot  No.  7  before  and  after  treatment. 
(Davis  County  Experimental  Watershed,  Utah) 


Beginning  in  1947,  the  vegetation  on  two 
of  the  l/lO-acre  nonflood-source  Parrish  plots 
was  changed.  All  plants  and  litter  were  re¬ 
moved  from  Plot  No.  7,  and  aspen  trees  were 
removed  from  Plot  No.  8,  leaving  the  her¬ 
baceous  understory  of  grasses,  forbs,  and 


shrubs.  Plot  No.  9  was  left  in  its  well-vegetated 
condition.  During  the  3-year  period  1947  to 
1949,  precipitation,  water  uses  and  losses,  and 
soil  eroded  were  measured.  Results  are  sum¬ 
marized  in  Table  3. 


Table  3.— Average  annual  precipitation,  water  Losses,  and  Amounts  of  Water  Available 

for  streamflow  on  three  Aspen  sites,  1947-49 

Cover  Conditions 

Bare  Herbaceous  Aspen 

_ (Plot  7) _ (Plot  8) _ (Plot  9) 

Precipitation  (inches) 


Winter  (October-May)  . 

.  45.43 

45.43 

45.43 

Summer  (June-September)  . . . . 

.  7.34 

7.34 

7.34 

Total  . . . 

.  52.77 

52.77 

52.77 

Water  losses  and  uses  (inches) 

Snow  evaporation  . . 

.  3.00 

2.75 

2.50 

Rainfall  interception  . . 

.  0.00 

0.77 

1.16 

Winter  transpiration  . . . 

.  0.00 

0.00 

l.OOV 

Summer  evapo-transpiration  . . . 

.  11.21 

14.83 

17.70 

Total  . . . . 

.  14.21 

18.35 

22.36 

Water  available  for  streamflow  (inches) 

Overland  flow  . . . 

.  0.40 

0.02 

0.01 

Seepage  flow  . . . . . . 

.  38.16 

34.40 

30.40 

Total  . . . 

.  38.56 

34.42 

30.41 

Soil  loss  (tons  per  acre) 

Three-year  total,  1947-49 . . . 

.  18.66 

0.00 

0.00 

Average  annual  . . . . . 

.  6.22 

0.00 

0.00 

July  10,  1950  storm  (0.70  inch).. . . . 

.  13.50 

0.00 

0.00 

1/  Estimated 

Practically  no  overland  flow  occurred  from 
the  herbaceous  Plot  No.  8  and  aspen  Plot 
No.  9  —  only  0.02  inch  and  0.01  inch  respec¬ 
tively.  This  amounts  to  only  0.038  and  0.019 
of  one  percent  respectively  of  the  52.77  inches 
of  annual  precipitation.  Bare  Plot  No.  7,  on 
the  other  hand,  produced  0.40  inch  of  runoff 
or  0.76  of  one  percent  of  total  annual  precipi¬ 
tation.  This,  however,  is  40  times  as  great  as 
runoff  from  the  aspen  plot  and  20  times  as 
great  as  from  the  herbaceous  plot. 

One  of  the  most  convincing  demonstrations 
of  the  effect  of  vegetation  and  litter  in  pre¬ 


venting  soil  erosion  and  surface  runoff  from 
summer  rainstorms,  is  provided  by  the  22-year 
record  of  Plot  No.  7.  During  the  first  period, 
from  1936  to  1946,  when  the  plot  had  aspen- 
herbaceous  cover,  130  summer  rainstorms 
produced  34.08  inches  of  water.  Of  these,  23 
storms  caused  minute  amounts  of  runoff  for 
a  total  of  24.3  cu.  ft.  (0.07  area  inch).  Then, 
all  vegetation  and  litter  were  removed  and 
measurements  of  runoff  and  sediment  made 
for  another  11 -year  period.  Results  are  shown 
in  Table  4. 


Table  4.— Overland  flow  and  soil  erosion  before  and  after  denudation 


of 

Parrish 

Plot  No.  7 

Summer 

Ppt. 

Overland  flow 

Sediment  eroded 

Period 

storms 

depth 

Storms 

Amount 

Storms 

Rate 

Depth 

Number 

Inches 

Number 

Cu.  ft. 

Number 

Cu.  ft. 

Inches 

Before  denudation  (1936-46)  .. 

....  130 

34.08 

23 

23.3 
(.07  in.) 

0 

0 

0 

After  denudation  (1947-57)  _ 

....  161 

42.23 

49 

1655.5 
(4.6  in.) 

34 

242.7 

0.67 

33 


During  the  second  11-year  period  from  1947 
to  1957,  while  the  plot  was  bare,  161  storms 
produced  42.23  inches  of  rainfall.  Of  these, 
49  storms  produced  4.6  inches  of  runoff 
(1655.5  cu.  ft.)  or  68  times  as  much  as  in  the 
previous  11 -year  period. 

The  soil  erosion  record  is  even  more  strik¬ 
ing.  Under  natural  aspen  cover,  no  soil  was 
eroded,  but  during  the  11-year  bare  period, 
34  of  the  161  rainstorms  eroded  242.7  cubic 
feet  of  soil  per  plot,  equal  to  0.67  inch  deep 
over  the  entire  plot. 

Farmington  Infiltration  and  Seepage  Plots  — 

To  understand  more  fully  the  disposition  of 
water  from  rain  and  snowmelt  by  the  plant 
and  soil  mantle,  especially  designed  plots  were 
constructed  in  Farmington  Canyon  on  the 
Davis  County  Experimental  Watershed  at 
7,000  feet  elevation,  and  at  the  Great  Basin 
Experimental  Area  at  10,000  feet  elevation 


near  the  head  of  Ephraim  Creek.  Concrete- 
lined  pits  8  feet  deep  were  installed  with 
facilities  for  collecting  yearlong  soil  moisture 
samples  at  1-foot  intervals  from  1  to  6  feet 
deep.  As  the  snow  melted,  infiltration  of  water 
into  the  soil,  changes  in  soil  moisture  and 
percolation  of  free  water  through  the  soil, 
were  observed  and  measured.  Other  data 
collected  at  the  plots  included  individual 
rain  and  snow  storms  yearlong,  accumu¬ 
lation  and  melting  of  the  snowpack,  and 
snowmelting  rates.  Streamflow  from  the 
watershed  in  which  the  plots  were  located  was 
measured  yearlong. 

Plots  at  both  locations  told  essentially  the 
same  story  about  infiltration,  waterholding 
capacity  of  the  soils  and  percolation.  There¬ 
fore,  only  the  results  on  a  north-facing  plot 
in  Farmington  Canyon  are  reported  here. 

The  following  discussion  explains  the  rela- 


Figure  32.  —  Taking  samples  from  soil  moisture  study  pit. 
(Great  Basin  Experimental  Area,  Utah) 
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tion  between  precipitation,  water  stored  in 
snow,  soil  moisture,  and  streamflow,  which 
is  shown  in  figure  33. 

A.  Precipitation.  Forty- two  snow  storms 
from  October  10  to  May  1  produced  18.7 
inches  of  moisture,  about  49%  of  the 
total  annual  precipitation. 

B.  Water  Stored  in  Snow.  Snow  started  to 
accumulate  about  October  10,  reached  a 
maximum  water  content  of  18  inches  by 
March  20  and  had  melted  by  May  25. 

C.  Soil  Moisture.  This  discussion  of  soil 
moisture  will  be  confined  to  the  moisture 
that  plants  obtain  for  growth  from  the 
soil.  This  is  the  difference  between  the 
amount  of  water  held  in  the  soil  at  com¬ 
plete  capillary  saturation,  referred  to  as 
“field  moisture  capacity,”  and  the 
amount  of  water  in  the  soil  when  plants 
wilt  permanently,  commonly  called  the 
“wilting  moisture  content.”  The  amount 
of  water  measured  by  difference  in  these 
two  values  is  referred  to  as  “available 
water.”  Considerable  water  not  available 
to  plants  remains  in  the  soil  at  the  wilt¬ 
ing  moisture  content. 

By  October  1,  the  6-foot  column  of  soil 
held  practically  no  available  water,  but  it 
increased  to  4  inches  by  October  10  as  a 
result  of  rains.  Soil  moisture  remained  at 
that  level  until  about  March  1.  On  April 
12  the  soil  contained  14  inches  of  avail¬ 
able  water  which  constituted  field  mois¬ 
ture  capacity  as  a  result  of  snow  melting 
and  storage  of  water  in  the  soil.  Free¬ 
water  then  began  percolating  through  the 
soil  body,  giving  rise  to  seepage  flow. 

Free-water  dropped  below  the  6-foot 
soil  column  on  June  5  —  57  days  after  it 
first  appeared  at  the  top  of  the  soil  body. 

Herbaceous  plants  began  to  draw  water 
from  the  soil  about  May  15,  a  process 
which  continued  until  about  September 
15,  at  which  time  all  water  available  to 
them  —  about  14  inches  —  had  been  ex¬ 
tracted  by  avaporation  and  transpiration. 
Since  aspen  were  in  flower  several  weeks 
before  the  snowpack  melted,  it  is  assumed 
they  used  some  water  before  the  soil  mois¬ 
ture  study  got  underway.  This  was  esti¬ 
mated  at  1.0  inch.  In  addition  to  the 


water  stored  in  the  6-foot  soil  body, 
evapo-transpiration  consumed  3.7  inches 
of  rain  that  fell  on  the  plots  between  June 
10  and  September  25.  At  no  time  during 
this  summer  period  did  rainwater  perco¬ 
late  deep  enough  to  reach  soil  holding 
free-water  and  contribute  to  seepage  flow. 
From  these  tests  and  many  observations, 
it  seems  safe  to  conclude  that  summer 
rain  on  watershed  slopes  in  the  Inter¬ 
mountain  Region  that  allow  no  surface 
runoff,  seldom  contribute  directly  to 
streamflow.  Under  certain  conditions, 
however,  when  extensive  rainfall  occurs 
on  saturated  or  very  wet  soil,  they  may 
contribute  substantially  to  streamflow 
through  infiltration  and  percolation,  as 
was  the  case  early  in  June  1944.  (See 
Fig.  33-D.) 
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B.  Water  stored  in  snow 
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Figure  33.  —  Farmington  filtration  and  seep¬ 
age  data:  A,  Annual  precipitation  as  rain 
and  snow;  B,  Accumulation  and  melting  of 
the  snowpack;  C,  yearlong  changes  in  soil 
moisture  in  a  soil  body  six  feet  deep;  D, 
flow  chart  of  the  related  stream.  (Davis 
County  Experimental  Watershed,  Utah) 
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D.  Streamflow.  The  stream  discharge  from 
the  drainage  in  which  the  above  plot  stud¬ 
ies  were  made  remained  almost  constant 
from  October  1  to  April  25  while  18  inches 
of  water  accumulated  in  the  snowpack; 
and  almost  6  inches  (water  equivalent) 
melted  and  entered  the  soil.  In  addition 
about  6  inches  of  water  that  fell  as  snow 
or  rain  during  April  entered  the  soil. 
Streamflow  increased  rapidly  to  a  peak 
about  May  15,  after  the  soil  became  sat¬ 
urated,  and  free-water  began  to  pass 
through  it.  Flow  declined  rapidly  begin¬ 
ning  May  15  when  the  snowpack  on  about 
75%  of  the  watershed  had  disappeared. 

Then,  about  June  3,  flow  jumped  to 
the  highest  peak  of  the  season  when 
heavy  rains  fell  on  a  nearly  saturated  soil 
which  allowed  much  of  the  water  to  per¬ 
colate  through  the  soil  to  streams  rather 
than  being  stored  in  the  soil. 

Oversurface  flow,  even  in  minute  amounts, 
did  not  occur  on  the  areas  adjacent  to  the  soil 
moisture  sampling  pits  nor  from  any  of  the 
well-vegetated  lands  on  the  watershed. 

Snowmelting  rates  —  The  rate  at  which 
snow  melts  was  studied  at  the  Farmington 
Infiltration  plots  and  at  the  Great  Basin 
Experimental  area.  The  amount  of  water 
melted  from  the  snow  was  determined  on 
study  plots  by  measuring  the  depth  of  snow 
melted  each  hour  and  calculating  the  water 


equivalent  using  snow  density.  The  accom¬ 
panying  chart  shows  the  amount  of  water 
melted  from  the  snow  for  the  24-hour  periods 
May  21,  1942,  at  Great  Basin  Experimental 
Area,  elevation  8,700  feet,  and  on  July  29, 
1941,  at  Davis  County  Watershed,  8,500  feet 
elevation.  At  Great  Basin,  maximum  melt  for 
a  single  day  of  record  was  2.3  inches  on  May 
21,  1942  and  highest  melt  during  one  hour  was 
0.34  inch  on  that  day.  Average  daily  melt 
for  the  26-day  period  from  May  5  to  June  21 
was  0.974  inch  water  equivalent. 

On  the  Davis  County  Watershed,  near 
Francis  Peak,  on  July  29,  1941,  the  24-hour 
melt  amounted  to  3.5  inches  water  equivalent, 
and  the  highest  hourly  amount  was  0.49  inch. 
During  the  entire  period  of  observation  at 
Great  Basin,  no  snow  ever  melted  at  night 
(from  sundown  to  sunup).  At  the  Davis  Coun¬ 
ty  location  on  the  warm  night  of  July  28-29 
a  very  small  amount  of  snow  disappeared,  but 
since  there  was  no  drainage  of  water  through 
the  snowpack  the  loss  was  assumed  to  be  from 
evaporation. 

These  very  slow  melting  rates  indicate  why 
snowmelt  water  infiltrates  into  the  soil,  even 
where  vegetation  is  absent.  A  point  of  unusual 
interest  is  that  the  highest  hourly  rainfall 
rate  (8  inches  per  hour  for  5  minutes)  re¬ 
corded  on  the  Davis  County  experimental  area 
exceeds  the  highest  hourly  snow-melting  rate, 
0.49  inch  per  hour,  by  16  times. 


Figure  34. 

Hourly  snowmelting 
rates,  and  the  daily 
melting  period,  on  the 
Wasatch  Plateau  and 
the  Wasatch  Mountains, 
Utah. 
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Runoff  Experiments  Using  Artificial  Rainfall  — 

Because  flood-producing  rainstorms  occur  at 
infrequent  intervals,  artificial  rainstorms  on 
small  plots  have  been  used  for  about  30  years 
in  Idaho  and  Utah  to  speed  up  data  gathering 
on  the  relation  of  vegetal  cover  to  rainstorm 


runoff  on  range  lands.  In  each  specific  experi¬ 
ment,  size  of  plots,  slope  of  the  land,  and  the 
amount  and  intensity  of  rainfall  were  con¬ 
stant,  but  the  character  and  density  of  plants 
and  litter  were  varied. 


2. 44  INCHES  OF  RAIN  IN  ONE  HOUR 
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Figure  35.  —  The  effect  of  watershed  condition  on  rainstorm  runoff  and  erosion  (average  of 
three  plots  for  each  condition)  on  subalpine  watershed  (Great  Basin  Experimental  Area,  Utah) 


Experiments  on  the  headwaters  of  Ephraim 
Creek,  Great  Basin  Experimental  Area,  are 
summarized  in  the  accompanying  chart-dia¬ 
gram.  The  chart  shows  land  destruction  that 
can  occur  from  a  single  rainstorm.  With 
groundcover  in  the  60  to  75%  range,  only 
2%  of  rainfall  left  the  plot  as  surface  runoff 
and  soil  eroded  was  only  0.05  tons  per  acre 
(0.0005  tons,  or  one  pound,  per  1/100-acre 
plot).  With  poor  groundcover  of  only  10% 
vegetation  and  litter,  73%  of  the  rainfall  left 
the  plot  and  soil  eroded  was  5.5  tons  per  acre 
(0.055  tons  per  1/100-acre  plot,  or  110 
pounds) . 

At  the  Boise  Basin  Experimental  Forest 
in  southern  Idaho,  the  effect  of  plant  cover 
conditions  on  oversurface  flow  and  erosion 
have  been  studied  on  unstable  granitic  soils 
by  applying  artificial  rainfall  on  6'  x  6'  plots. 

Two  specific  ground  cover  conditions  were 


shown  to  be  necessary  to  prevent  overland 
flow  and  soil  erosion  from  wheatgrass  and 
cheatgrass  annual  weed  range  sites.  These 
conditions  were:  (1)  that  no  less  than  70 
percent  of  the  soil  surface  be  covered  with 
vegetation  or  litter,  and  (2)  that  bare  open¬ 
ings  between  plants  and  patches  of  litter  be 
no  larger  than  4  inches  in  diameter  on  wheat- 
grass  sites  and  2  inches  on  cheatgrass  sites. 

When  these  ground  cover  conditions  pre¬ 
vailed,  overland  flow  and  soil  erosion  were 
effectively  controlled  during  a  30-minute  rain¬ 
storm  occurring  at  a  constant  rate  of  about 
3.7  inches  per  hour  applied  with  a  rainfall- 
simulating  infiltrometer. 

RUNOFF  EXPERIMENTS  ON  WATERSHEDS 

At  Davis  County  and  Great  Basin,  the 
effects  of  good  and  poor  vegetal  cover  in  pre¬ 
venting  rainstorm  floods  have  been  studied 
on  complete  watersheds. 
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Halfway  Creek  compared  to  Morris  Creek  — 

On  the  Davis  County  area,  studies  were  con¬ 
ducted  on  Halfway  Creek  drainage,  a  464- 
acre  watershed  where  fire  in  1938  destroyed 
about  50  acres  of  dense  brush  vegetation,  and 
on  Morris  Creek  drainage,  a  167-acre  water¬ 
shed  with  an  excellent  cover  of  vegetation. 
A  heavy  rainstorm  on  August  10,  1947,  com¬ 
mon  to  both  watersheds,  produced  markedly 
different  stream  discharges. 

The  runoff  record  of  Halfway  Creek  shows 
the  highest  stream  discharge  from  the  snow- 
pack  of  31.39  inches  to  be  4.6  cubic  feet  per 
second  on  May  8,  1947.  Then  on  August  10, 
when  the  stream  was  flowing  only  0.6  cubic 


foot  per  second,  a  0.79  inch  rainstorm  oc¬ 
curred  with  a  maximum  5-minute  intensity 
of  4.92  inches  per  hour.  Peak  discharge  in¬ 
creased  over  a  15-minute  period  to  an  esti¬ 
mated  500  cubic  feet  per  second  and  carried 
boulders  that  weighed  more  than  a  ton.  The 
low  peak  discharge  from  the  snowpack  was  a 
result  of  normal  snowmelting  (about  0.5  to 
2.0  inches  of  water  per  day),  infiltration  into 
the  soil,  and  percolation  to  the  stream.  The 
big  flood  on  August  10,  on  the  other  hand,  was 
the  result  of  the  torrential  rain  on  50  acres 
of  relatively  bare  soil  which  resulted  in  over¬ 
surface  flow  to  the  channel  of  about  50  to  60 
percent  of  the  rain  that  fell. 
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Figure  36.  —  Stream  discharge  from  snowmelt  and  from  summer  rains,  Halfway  and 
Morris  drainages,  which  have  different  watershed  conditions.  (Davis  County 

Experimental  Watershed,  Utah) 


Stream  discharge  of  Morris  Creek,  during 
the  August  10,  1947  rainstorm,  contrasts 
markedly  with  that  of  Halfway  Creek.  Here 
the  flow  was  but  slightly  increased  for  only 
a  few  hours;  discharge  increased  from  0.12 
cubic  feet  per  second  to  0.40  cubic  feet 
per  second,  only  a  small  fraction  of  the  in¬ 
crease  attained  by  Halfway  Creek.  The  well- 
vegetated  slopes  of  Morris  drainage  prevented 
oversurface  flow,  whereas  the  50-acre  burned 
area  on  Halfway  watershed,  which  had  prac¬ 
tically  no  vegetal  cover  9  years  after  the  burn, 
allowed  enough  oversurface  flow  to  generate 
a  destructive  flood. 


The  measurements  and  observations  on 
these  two  watersheds  corroborates  the  con¬ 
clusions  reached  regarding  cause  of  the  Davis 
County  front  floods  of  1930;  that  destruction 
of  vegetation  on  as  little  as  10%  of  the  offend¬ 
ing  watershed  area  permitted  flood  runoff  dur¬ 
ing  torrential  rainstorms. 

Watersheds  A  and  B.  —  At  Great  Basin, 
studies  of  the  effect  of  ground  cover  changes 
caused  by  domestic  livestock  on  surface  run¬ 
off  and  erosion  were  made  on  two  10-acre 
watersheds,  A  and  B  during  the  period  1912 — 
1958. 
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Figure  37.  —  The  effect  of  plant  cover  changes  on  surface  runoff  and  erosion  during  a  46-year 
period  from  A  and  B  experimental  watersheds.  (Great  Basin  Experimental  Area,  Utah) 


Before  establishment,  these  two  watersheds 
had  a  long  history  of  grazing  and  both  were 
yielding  surface  runoff  and  sediment  from 
severe  rains.  A  system  of  treatment  was 
devised  to  facilitate  comparing  the  effects  of 
grazing  and  vegetal  cover  changes.  The  history 
of  the  experiment  is  divided  into  6  periods.  In 
the  first  period  both  watersheds  were  main¬ 
tained  in  the  condition  that  existed  at  the 
time  the  experiments  were  established.  This 
was  accomplished  by  controlled  grazing. 
Watershed  A,  in  an  extremely  depleted  con¬ 
dition  (16  percent  plant  cover)  produced  six 
times  more  runoff  and  more  than  five  times 
as  much  sediment  as  did  Watershed  B  (40 
percent  plant  cover).  During  the  second  and 
third  periods,  vegetation  on  A  improved, 
resulting  in  a  reduction  of  runoff  and  sedi¬ 
ment.  In  the  fourth  period  the  cover  on  B  was 
reduced  to  30%  by  grazing.  Immediately,  the 
magnitude  of  overland  flow  and  sediment  pro¬ 
duction  reversed,  and  B  produced  more  of 
each  than  did  A. 

In  the  fifth  period  the  density  of  vegetation 
on  B  was  reduced  to  16%  by  heavy  grazing 
to  render  it  comparable  to  the  condition  of 
A  during  the  first  period.  Overland  flow  and 
sediment  yields  increased  markedly.  Sediment 


yield  which  was  only  1/5  as  much  as  from  A 
during  the  first  period  now  increased  to  12 
times  that  of  A,  and  runoff  increased  to  four 
times  that  of  A.  Following  this  period,  B  was 
rehabilitated  by  contour  trenching  and 
seeding,  while  A  remained  unchanged.  Again, 
the  sixth  period  brought  a  profound  reversal 
of  overland  flow  and  sediment  yields  —  sedi¬ 
ment  from  B  dropped  to  1/10  that  of  A  and 
runoff  was  only  1/3  as  much. 

This  50-year-old  experiment  illustrates,  as 
did  the  Parrish  Plot  studies  at  Davis  County 
Experimental  Watershed,  that  rainstorm  run¬ 
off  and  soil  erosion  can  be  dramatically 
changed  by  altering  the  amount  of  vegetation 
and  litter  cover. 

WATER  CONSUMPTION  BY  VEGETATION 

It  takes  water  to  grow  vegetation  and  con¬ 
sequently  the  plant  cover  required  to  pre¬ 
vent  surface  runoff  and  to  keep  soils  stable 
reduces  the  water  available  for  streamflow 
and  ground  water. 

Experiments  at  the  Davis  County  Experi¬ 
mental  Watershed  show  how  average  annual 
precipitation  of  52.77  inches  for  the  period 
from  1947  to  1949  was  disposed  of  on  plots 
supporting  aspen  trees,  shrubs,  and  grasses. 
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Portion  of 
total  annual 

Factor  precipitation 

(percent) 


Interception  and  evaporation  from 
vegetation,  and  evaporation 

from  snow  . 7 

Used  to  grow  vegetation .  35 

Available  for  streamflow,  ground 

water,  or  deep  seepage . . 58 

Total  . 100 


These  values  apply  only  to  the  conditions 
at  this  particular  location.  Differences  in  kind 
and  density  of  vegetation,  soil  characteristics, 
amount  and  character  of  precipitation,  and 
other  climatic  factors  can  cause  tremendous 
changes  in  one  or  all  of  these  values.  For 
example,  water  loss  by  interception  may  vary 
from  about  5%  to  40%  of  precipitation,  and 
vegetation  could  conceivably  use  all  precipi¬ 
tation  that  reaches  the  ground. 

Therefore,  the  danger  in  applying  the  re¬ 
sults  of  studies  of  consumption  use  of  precipi¬ 
tation  from  a  particular  geographic-precipita- 
tion-vegetation-soil  complex  to  other  com¬ 
plexes  is  apparent. 

USE  OF  WATER  BY  PLANTS 

Two  procedures  were  used  to  study  the  con¬ 
sumption  of  water  by  vegetation  on  mountain 
watersheds:  (1)  the  determination  on  plots 
of  the  amount  of  water  removed  from  the  root 
zone  by  different  kinds  and  densities  of  plants. 


and  (2)  changes  in  water  yield,  from  com¬ 
plete  watersheds  having  perennial  streams,  as 
a  result  of  changes  in  vegetal  cover. 

The  Soil  Moisture  Method. — This  method  in¬ 
volves  the  following  determinations: 

a.  Total  water  content  of  a  column  of  soil 
when  saturated  by  snowmelt  water  to 
its  total  capillary  capacity  (field  mois¬ 
ture  capacity). 

b.  Total  water  content  in  this  column  of 
soil  at  the  time  of  maximum  soil  mois¬ 
ture  depletion  in  early  fall. 

c.  The  amount  of  rainfall  (exclusive  of  in¬ 
terception)  that  reaches  the  soil  surface 
during  the  growing  season. 

Water  used  by  vegetation  during  the  grow¬ 
ing  season  then  would  be:  a  —  b  -I-  c.  Stud¬ 
ies  involving  this  method  were  made  on 
the  1/1 0-acre  Parrish  plots  on  the  Davis 
County  watershed  to  determine  water  con¬ 
sumption  by,  (1)  aspen  and  herbaceous  vege¬ 
tation,  (2)  herbaceous  vegetation  only,  and 
(3)  loss  of  water  from  soil  without  plants. 
Measurements  were  made  of  total  precipita¬ 
tion,  interception  of  precipitation  by  plants, 
and  soil  moisture  to  a  depth  of  6  feet  during 
the  tree-year  period,  1947  to  1949  inclusive. 

Water  use  by  aspen-herbaceous  vegetation. 
— This  study  was  conducted  on  1/1 0-acre  plot 
No.  9  at  8,200  feet  elevation.  The  results  are 
shown  in  figure  38.  All  figures  are  inches  of 
water  and  three-year  average. 


Figure  38. 
Disposition  of 
precipitation  on 
an  aspen- 
herbaceous  site 
with  soil  more 
than  six  feet 
deep.  (Davis 
County  Experi¬ 
mental 

Watershed,  Utah) 


ITEM 


1/  From  Great  Basin  studies 


Annual  Precipitation 


Interception  and  evaporation 

from  vegetation  . . 

Evaporation  from  snow . . 

Surface  runoff  . . . . . 

_Winter  transpiration  by  aspen  (est.). 
Water  entered  the  soil . . 


Water  from  snowmelt  and  rain  stored 
in  the  soil  and  used  to  grow  vege¬ 
tation  . . . 

Water  not  stored  in  the  soil  percolated 
through  the  soil  and  became  avail¬ 
able  for  streamflow,  ground  water, 
and  deep  seepage . . 


Water 

(Inches) 


52.77 


1.16 

2.50V 

0.01 

1.00 

48.10 


17.70 


30.40 


Water  use  by  herbaceous  vegetation  and 
losses  from  bare  ground. — Aspen  trees  were  cut 
from  Plot  No.  8,  and  all  vegetation  and  litter 
were  removed  from  Plot  No.  7.  Results  for  the 
three-year  period  are  shown  in  Table  5. 

Water  lost  during  the  growing  season  from 
the  soil  column  to  a  depth  of  six  feet  was  14.83 
inches  from  the  plot  with  excellent  herbaceous 
plant  cover  and  11.21  inches  from  the  plot 
with  no  plant  cover.  Thus,  the  water  cost  of 
growing  herbaceous  plants  was  only  3.76 
inches  more  than  if  the  ground  had  been  bare. 
Loss  of  the  11.21  inches  af  water  from  the 
bare  plot  presumably  was  largely  by  evapora¬ 
tion  from  the  soil  surface,  with  some  translo¬ 
cation  during  the  growing  season.  There  are 
good  reasons  for  assuming  that,  as  the  ground 
is  made  bare  by  the  thinning  of  plant  cover, 
evaporation  of  water  directly  from  the  soil 


surface  —  a  nonproductive  loss  —  increases. 

Table  5.— Disposition  of  precipitation  on 
bare  and  vegetatively  covered 
ground  (Davis  County  Experimental 
Watershed,  Utah) 


Herbaceous  Bare 

Factor  Vegetation  Ground 

(Inches)  (Inches) 


Precipitation  . . 

.  52.77 

52.77 

Interception  . . . . 

0.77 

0.00 

Evaporation  from  snow . 

2.75V 

3.00V 

Surface  runoff  . . 

0.02 

0.40 

Entered  the  soil  . 

..  49.23 

49.37 

Lost  from  soil  . 

..  14.83 

11.21 

Available  for  streams. 

ground  water. 

deep  seepage  . . 

..  34.40 

38.16 

Bare  minus  herbaceous . 

3.76 

1/  From  Great  Basin  studies 


igure  39.  —  Plots  used  for  determining  disposition  of  precipitation  on  vegetation 
covered  ground  and  bare  ground.  (Davis  County  Experimental  Watershed,  Utah) 


Water  used  by  grass  and  by  dandelion-sweet 
sage.  —  Experiments  have  been  conducted  at 
Great  Basin,  elevation  9,500  feet,  to  determine 
the  amount  of  water  used  to  grow  dense  grass 


as  compared  to  mixed  herbs  which  have  low 
watershed  protection  and  forage  value.  Re¬ 
sults  for  1952  are  shown  in  Table  6. 
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Figure  40.  —  One  inch 
of  water  produced  284 
pounds  of  smooth 
brome  grass  as 
compared  to  80 
pounds  per  inch 
for  dandelion-sweet 
sage.  (Great  Basin 
Experimental  Area, 
Utah) 


Table  6.— Relation  of  forage  production  to 
water  consumption 


Range  cover 

Evapotrans- 

piration 

Forage  Production 

(Inches) 

(Lbs.  acre 

)  (Lbs.  acre) 
(per  inch 
water) 

Smooth  brome 

..  11.33 

3,220 

284 

Timothy  _ 

Kentucky 

10.54 

1,440 

137 

Bluegross  .... 
Dandelion- 

9.47 

1,980 

210 

sweet  sage  .. 

8.96 

715 

80 

Water  consumption  by  a  stand  of  dandelion- 
sweet  sage  was  about  three  and  one-half 
(31/^)  times  that  of  smooth  brome  per  pound 
of  forage  produced.  This  appears  to  be  related 
to  the  fact  that  the  roots  of  these  low  forage 
producers  occupy  and  extract  water  from 
about  the  same  soil  volume  as  those  of  the  high 


forage-producing  grasses,  and  that  sparse 
foliage  allows  considerably  more  water  loss  by 
direct  evaporation  from  the  soil  surface  than 
do  the  dense  grasses  that  shade  the  ground. 

The  effect  of  changes  in  vegetation  on  stream- 
flow.  Experiments,  using  entire  watersheds, 
were  conducted  at  several  experimental  areas 
to  determine  how  changes  in  the  amount  of 
vegetation  affect  water  yield.  Measurement  of 
precipitation  and  streamflow  were  made  for  a 
period  of  years  (the  calibration  period).  Then 
the  plant  cover  was  changed  rather  drastically 
and  the  measurements  were  continued  for  a 
second  period  of  years  (the  test  period). 

Mixed  woodland,  brush  and  grass. — Twenty- 
one  years  of  streamflow  records  from  Parrish 
Creek  and  Centerville  Creek  watersheds  in 
Davis  County  provide  the  basis  for  determi¬ 
nation  of  water  yield  as  influenced  by  alter- 
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ing  the  vegetation.  Plant  cover  on  Centerville 
Creek  watershed  has  been  maintained  in  ex¬ 
cellent  condition,  since  settlement  in  1850. 
Vegetation  on  Parrish  Creek  drainage,  on  the 
other  hand,  was  seriously  depleted  by  exces¬ 
sive  grazing  and  fire  by  1930,  and  the  water¬ 
shed  produced  devastating  floods  as  already 
reported. 

As  a  result  of  protecting  the  Parrish  Creek 
watershed  from  grazing  and  through  contour¬ 
trenching  and  seeding  of  about  175  acres  in 
the  upper  basin  in  1936,  a  protective  plant 
cover  of  aspen  trees,  brush,  and  grass  was  re¬ 
stored  by  1958.  In  addition,  trees  and  brush 
were  re-established  along  about  three  miles  of 
stream  channel  which  had  been  swept  clean  of 
all  vegetation  by  the  1930  floods. 

Streamgaging  stations  were  installed  on 
both  creeks  in  1936  and  precipitation  gages 
and  snow-measuring  stations  were  established 
in  the  upper  basins. 

In  1958,  a  time-trend  analysis  of  actual 
water  yield  from  Parrish  Creek  compared  to 
that  from  Centerville  Creek  as  the  control, 
showed  that  water  yield  from  Parrish  Creek 
had  declined  by  a  total  of  2.71  area  inches,  or 
310  acre-feet  for  the  1,377  acre  watershed. 


Table  7.— A  summary  of  monthly,  quar¬ 
terly,  and  annual  changes  in  water 
yield  from  Parrish  Creek  as  compared 
to  Centerville  Creek  for  the  period 
1937-58 


Period 


Change  in 
Parrish  Streamflow 


(Area  Inches) 


Month  —October  .  — 0.06 

November  .  —  .10 

December  .  —  .07 

January  .  —  .09 

February  .  —  .10 

March  .  —  .27 

April  .  —  .83 

May .  —  .95 

June  .  —  .22 

July  .  . .  —  .13 

August  .  —  .10 

September  .  —  .12 

Quarter— October-December  .  —  .24 

January-March  .  —  .53 

April-June  .  — 1 .5 1 

July-September  . .  —  .35 

Annual  —  .  — 2.71 


The  decrease  in  water  yield  from  Parrish 
Creek  is  attributed  to  increase  in  vegetation 
on  the  watershed,  mainly  on  the  formerly  de¬ 
pleted  flood-source  areas,  and  reestablish¬ 
ment  of  riparian  vegetation  along  the  channel. 
The  greatest  decrease  in  Parrish  Creek 
streamflow  occurred  in  the  spring  when  water 
supplies  are  generally  greatest  in  relation  to 
demand. 

The  flood  threat  as  a  result  of  plant  deple¬ 
tion  from  Parrish  Creek  has  been  eliminated 
by  the  contour-trenches  and  restoration  of 
vegetation  on  the  watershed  slopes.  Decrease 
in  streamflow  of  2.71  area  inches  annually  is 
regarded  as  the  cost,  in  water,  of  protection 
from  floods  and  sedimentation,  stabilization 
of  the  age-old  soil,  increased  forage,  improved 
wildlife  habitat,  and  protection  of  fishery  and 
recreation  values  along  the  stream. 

Lodgepole  pine.  —  Effect  of  cutting  lodge- 
pole  pine  on  total  water  yield  has  been 
studied  by  the  Rocky  Mountain  Forest  and 
Range  Experiment  Station  at  its  Fraser  Ex¬ 
perimental  Watershed  in  the  high  Colorado 
Rocky  Mountains.  The  study  was  started  in 
1943  on  timbered  watersheds  of  Fool  Creek 
and  East  St.  Louis  Creek.  Following  a  long 
period  of  calibration,  40%  of  the  area  (285 
acres)  of  Fool  Creek  (714  acres)  was  clear-cut 
in  alternate  contour-strips  from  1  to  6  chains 
wide.  Water-yield  increases  shown  in  table  8 
were  assumed  to  be  the  difference  between  the 
predicted  yield  based  on  the  calibration  data 
and  actual  yield  after  treatment. 

Table  8.— Water  yield  increases  from  cut¬ 
ting  lodgepole  pine  in  Fool  Creek, 
Colorado 

Predicted  Actual 
Yield  Yield  Increase 


Years  (Inches)  (Inches)  (Inches) 

1956  .  1  1.4  15.6  4.2 

1957  .  19.6  23.0  3.4 

1958  .  11.4  13.5  2.1 

1959  .  10.5  13.6  3.1 


These  water  yield  increases  could  logically 
be  ascribed  to  treatment  given  the  285  acres  of 
the  714-acre  watershed.  When  this  yearly  in¬ 
crease  in  streamflow  from  Fool  Creek  water¬ 
shed  is  prorated  to  the  285  acres  that  were 
clear-cut,  the  approximate  increase  in  water 
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yield  from  the  treated  area  for  each  year  of 
treatment  is  10.5  inches,  8.5,  5.2,  and  7.8  area 
inches  respectively. 

The  published  results  of  the  Fool  Creek 
Study  state  that,  “most  of  the  increase  in 
yield  occurred  during  the  spring  freshet  period 
of  May  and  June,  but  there  has  also  been 
a  small  increase  in  the  summer  and  early  fall 
months.  Each  year  the  early  rise  of  Fool 
Creek  is  more  rapid  than  formerly,  and  in 
three  years  the  spring  peak  has  been  higher 
than  it  would  have  been  had  the  timber  not 
been  cut.” 

White  fir— Douglas  fir. — The  effect  on  total 
water  yield  of  replacing  white  fir — Douglas  fir 
forest  with  perennial  grass  also  has  been  stud¬ 
ied  by  the  Rocky  Mountain  Forest  and  Range 
Experiment  Station  at  its  Workman  Creek 
Experimental  Watershed  in  Arizona.  The 
treated  area  consisted  of  80  acres  on  the  North 
Fork  of  Workman  Creek,  a  248-acre  water¬ 
shed.  Preliminary  results  are  shown  in  table  9. 

Table  9.— Preliminary  results  of  forest  tree 
removal  on  water  yield,  Workman 
Creek,  Arizona 

Water  Yield 

Year  Precip.  Expected  Actual  Increase 

Inches  Inches  Inches  Inches 

1958- 59 .  23.8  0.9V  1.4  0.5V 

1959- 60 . .  43.0  4.4'/  6.4  2.0 

1/  Based  on  pre-treatment  regression 
2/  Not  statistically  significant 

The  water  yield  increases  were  believed  to 
be  a  result  of  treatment  of  80  acres  of  the 
248-acre  watershed.  Accordingly,  when  the 
yearly  increase  in  streamflow  from  the  248- 
acre  watershed  is  prorated  to  the  80  acres  that 
were  clear-cut  and  planted  to  grass,  the  ap¬ 
proximate  increase  in  water  yield  from  the 
treated  area  would  be  1.6  inches  (69%)  and 
6.2  inches  (68%)  for  the  respective  years  of 
measurement.  “Additional  years  of  observa¬ 
tion,  .  .  .  will  be  required  for  adequate  evalua¬ 
tion  of  treatment.  Thus,  the  increased  water 
yields  reported  are  indicative  and  not  con¬ 
clusive.” 

IS  WATERSHED  TREATMENT  TO  INCREASE 
WATER  YIELD  DESIRABLE? 

In  discussing  this  question,  a  number  of 


points  should  be  made  clear  at  the  outset. 
First  —  Most  of  the  studies  reported  have 
been  conducted  under  controlled  conditions 
without  regard  for  cost  or  the  practical  appli¬ 
cation  of  the  results.  Second  —  Treated  areas 
will  not  long  stay  “treated”  because  when  veg¬ 
etation  is  removed,  plants  will  soon  invade  due 
to  availability  of  soil  moisture.  Accordingly, 
in  addition  to  the  cost  of  the  original  treat¬ 
ment,  there  will  be  a  periodic  cost  of  main¬ 
taining  the  post-treatment  conditions.  Third 
— The  hazards  of  accelerated  soil  erosion  and 
sedimentation,  as  a  result  of  drastic  vegetation 
changes  that  may  accompany  treatment,  must 
be  fully  recognized  and  preventive  measures 
taken.  We  cannot  afford  to  “sell”  age-old  soil 
to  “buy”  small  annual  increments  of  water. 

Manipulation  of  vegetation  to  increase 
water  yield  is  definitely  not  a  simple  opera¬ 
tion.  Nevertheless,  the  results  of  research  have 
been  used  to  support  the  belief  that  by  the 
“simple”  process  of  removing  trees  and  other 
vegetation  from  high  watersheds,  significant 
quantities  of  additional  water  can  be  produced. 

It  is  quite  certain  that  manipulation  of  veg¬ 
etation  can  result  in  increases  in  water  yield 
in  certain  areas  without  watershed  or  channel 
damage,  if  the  program  is  properly  conceived, 
executed  with  adequate  guides  and  controls, 
and  followed  by  proper  management.  Obvious¬ 
ly,  the  danger  lies  in  proceeding  too  fast  and 
with  too  little  knowledge  of  the  complicated 
problems  involved,  especially  under  pressure 
for  increased  water  supplies  in  all  parts  of  the 
country.  Untimely,  ill-conceived,  and  poorly 
executed  programs  are  quite  likely  to  be  dis¬ 
appointing  if  not  destructive.  They  could  re¬ 
sult  in  considerable  damage  to  watershed  soils 
by  erosion,  and  thereby  arrest  in  infancy  a 
program  that,  in  some  places,  may  have  con¬ 
siderable  promise  of  success. 

ANALYSIS  OF  SOME  DESTRUCTIVE 
FLOODS 

Armed  with  the  information  gained  from 
research,  and  from  critical  observation  of  the 
condition  of  vegetation  and  soil  on  many  wa¬ 
tersheds,  analyses  were  made  of  a  number  of 
destructive  floods  that  have  occurred  in  the 
Intermountain  West.  Each  analysis  involved 
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investigation  to  determine  (1)  nature  of  the 
flood  deposits  and  damages,  (2)  extent  of 
flood  water  discharge  and  erosion  on  the  wa¬ 
tershed  slopes  and  in  stream  channels,  (3)  the 
relation  of  vegetation  and  litter  to  flood  run¬ 
off  and  erosion  on  watershed  slopes,  (4)  char¬ 
acter  of  precipitation,  and  (5)  the  assignment 
of  flood  causes. 

As  a  result  of  these  investigations,  it  was 
found  that  floods  fall  into  three  groups:  (1) 
rainstorm  floods  that  followed  destruction  of 
vegetation  on  the  watershed — “dry  mantle 
floods,”  (2)  “wet  mantle  floods”  that  oc¬ 
curred  because  the  watershed’s  soil  had  be¬ 
come  saturated  with  water  by  prolonged  rain¬ 
fall  and  snowmelting,  following  which  addi¬ 
tional  water  percolates  relatively  quickly 
through  the  soil  to  streams,  and  (3)  “frozen 
ground  floods”  that  occur  when  frozen  soil 
prevents  rain  and  melted  snow  water  from  en¬ 
tering  the  soil,  thus  allowing  oversurface  flow. 


SUMMER  RAINSTORM  FLOODS 

Davis  County,  Utah.  —  Rainstorm  floods  of 
the  mud-rock  type  (dry  mantle  floods)  from 
the  west  face  of  the  Wasatch  Mountains  in 
Davis  County,  Utah,  were  first  reported  from 
Bairs,  Kays,  and  Holmes  Creeks,  east  of  Kays- 
ville  in  The  Weekly  Reflex,  Kaysville,  Utah, 
August  8,  1912.  Then,  on  August  14,  1923, 
similar  floods  occurred  from  Farmington, 
Steed,  and  Ford  Creek  drainages.  Six  people 
camped  in  Farmington  Canyon  were  killed  and 
damage  to  homes,  farms,  highways,  and  water 
systems  was  great. 

The  next  major  rainstorm  floods  occurred 
from  Parrish,  Barnard,  Davis,  and  Ford 
Creeks  in  the  Farmington-Centerville  area  in 
the  summer  of  1930.  Devastation  in  the  track 
of  the  floods  was  tremendous  and  damage  to 
property  in  a  6-mile  area  from  Centerville  to 
Farmington  amounted  to  about  $1,000,000 
from  1923  through  1930. 


Figure  41.  —  Parrish 
Creek  rainstorm  flood 
of  July  10,  1930, 
Centerville,  Utah, 
and  one  of  the 
numerous  runoff 
sources  on  the 
Parrish  Creek 
Watershed. 
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As  a  result  of  an  aroused  public,  Governor 
George  H.  Bern  appointed  a  17-man  “Flood 
Commission”  with  foresters,  livestockmen,  en¬ 
gineers,  bankers,  geologists,  and  lay-citizens 
as  members.  Beginning  with  the  flood  depos¬ 
its  in  the  valley,  the  commission  specialists 
analyzed  each  flooding  drainage  from  bottom 
to  top,  following  the  flood  courses  back 
through  the  freshly  cut  channels  and  their 
tributaries  to  the  high  watershed  lands  where 
the  rains  fell  that  generated  the  floods.  In 
every  case,  they  found  a  striking  relationship 
between  the  flood  runoff  and  the  density  of 
vegetation. 

Their  descriptions  of  conditions  in  the  head 
of  Ford  Creek  drainage  hold  true  also  for 
Farmington,  Parrish,  Barnard,  Steed,  and 
Davis  Creek  watersheds: 

About  one-fourth  of  the  total  area  of  the 
upper  zone  at  the  head  of  Ford  Creek  . . . 
is  nearly  denuded  of  vegetation  and  litter 
.  .  .  It  was  strikingly  evident  that  the 
flood  originated  on  the  barren  or  nearly 
barren  areas  in  the  upper  zone  .  .  .  Most 
of  the  numerous  gullies  of  all  sizes  which 
joined  to  form  the  main  channel,  when 
traced  to  their  source,  were  found  to 
originate  on  the  areas  where  there  was 
little  or  no  vegetation  .  .  .  Even  the 
gentler  3  to  5  degree  slopes,  when  sparsely 
vegetated,  had  numerous  gullies.  (Bailey 
et  al  1934) 

Although  the  amount  of  rainfall  in  the  up¬ 
per  watersheds  was  not  known,  well-vegetated 
slopes,  intermingled  with  bare  spots  that  were 
ripped  and  gullied  by  oversurface  flow,  showed 
no  evidence  of  having  contributed  any  water 
to  the  floods.  They  had  infiltrated  all  the 
rain  that  fell  —  a  convincing  demonstration 
that  adequate  cover  of  vegetation  and  litter 
had  prevented  flood  runoff  and  soil  erosion, 
even  on  the  steepest  slopes  during  torrential 
rainfall. 

Another  striking  demonstration  of  the  effect 
of  adequate  plant  cover  in  preventing  rain¬ 
storm  floods  was  provided  by  the  generally 
well-vegetated  Centerville  Creek  drainage, 
immediately  south  of  Parrish  Creek  drainage, 
which  produced  no  mud-rock  floods  in  1923  or 
1930;  nor  has  Centerville  Creek  drainage  pro¬ 


duced  any  such  floods  in  recent  geologic  time. 
That  rainfall  was  heavy  on  this  watershed  was 
evident  by  the  extensive  gullying  on  the  small 
areas  where  vegetal  cover  had  been  reduced 
in  density.  Very  small  patches  on  its  slopes 
were  gullied  in  the  same  manner,  and  to  the 
same  degree,  as  the  more  extensively  denuded 
flood-source  areas  of  neighboring  basins.  The 
damaged  areas  on  the  slopes  of  Centerville 
Creek  watershed  were  not  extensive  enough 
to  produce  flood  runoff.  Runoff  from  these 
spots  never  reached  the  channel  but  was  ab¬ 
sorbed  by  the  soil  on  the  densely  plant-cov¬ 
ered  areas. 

Centerville  Creek  drainage  did  not  flood 
because  its  plant  and  soil  mantle,  that  had 
maintained  control  of  surface  runoff  and  soil 
stability  over  the  ages,  had  not  been  impaired 
by  overgrazing  as  had  the  other  drainages. 
Years  ago,  the  people  of  Centerville  acquired 
part  of  the  upper  portion  of  the  drainage  and 
arranged  with  owners  of  the  remainder  of  the 
land  for  conservative  grazing  use  on  the  entire 
watershed.  As  a  consequence,  the  plant  cover 
and  soil  mantle  have  been  adequate  to  prevent 
flood  runoff  during  torrential  summer  rains. 

Manti,  Utah. — Probably  the  first  very  large 
rainstorm  floods  to  come  to  public  attention 
in  Utah  were  from  Manti  Creek  drainage  at 
Manti,  Utah,  about  the  turn  of  the  century. 

Not  much  is  known,  specifically,  about  con¬ 
ditions  that  existed  on  the  watershed  at  the 
time  but  there  was  sufficient  understanding 
to  prompt  the  people  of  Manti  to  request  Con¬ 
gress  for  managemnt  of  the  federally-owned 
watershed  land  above  the  town.  As  a  result, 
the  Manti  National  Forest  was  established  in 
1903.  In  1910,  40  residents  of  Fairview,  a  few 
miles  to  the  north,  petitioned  the  Secretary  of 
Agriculture  to  add  a  block  of  watershed  land 
above  their  town  to  the  Manti  National  For¬ 
est.  The  petition  stated  that  the  land  was 
“overcrowded  with  sheep,  causing  the  destruc¬ 
tion  of  the  vegetation  and  thereby  .  .  .  serious 
injury  to  the  watershed,  draining  into  the  .  .  . 
Gooseberry  and  Cottonwood  Irrigation  Co.’s 
Reservoir.  As  the  water  from  this  reservoir 
is  our  main  supply  for  irrigation,  any  injury  to 
its  watershed  is  a  serious  menace  to  our  farm¬ 
ing  interests.” 

Effective  management  of  livestock  and 
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Figure  42.  —  Manti  Creek  flood  of  August  18, 1898.  (Manti,  Utah) 


game,  seeding,  and  fire  prevention  on  the 
Manti  National  Forest  have  resulted  in  im¬ 
proved  vegetation  and  litter  cover.  During  the 
past  50  years  there  have  been  no  floods  from 
Manti  Canyon  comparable  to  those  that  oc¬ 
curred  for  about  a  decade  near  the  turn  of  the 
century.  However,  by  comparison  of  cover 
conditions  on  parts  of  the  watershed  with 
areas  where  watershed  conditions  and  rainfall 
amount  and  intensity  have  been  accurately 
measured,  and  vegetation-precipitation-runoff 
relationships  established,  it  is  believed  that  se¬ 
rious  erosion  and  floods  could  occur  if  the 
areas  in  question  were  to  be  subjected  to  in¬ 
tense  rainstorms  such  as  have  been  recorded 
at  nearby  precipitation  stations. 

Caution  in  drawing  conclusions  about  the 
adequacy  of  improved  plant  cover  in  flood 
prevention  should  be  applied  to  all  watersheds 
where  soil  and  plant  deterioration  have  oc¬ 
curred.  Experience  has  shown  that  substan¬ 
tial  watershed  improvement  can  occur  and 


still  be  considerably  short  of  providing  ade¬ 
quate  plant  cover  for  flood  prevention. 

Mt.  Pleasant,  Utah. — Pleasant  Creek  at  Mt. 
Pleasant,  Utah,  produced  very  serious  floods 
in  1918  and  1946.  One  person  was  killed  in 
the  1918  flood,  but  information  is  scanty  on 
property  damage,  rainfall,  and  watershed  con¬ 
ditions.  Soon  after  the  flood,  two  small  flood 
catchment  basins  were  constructed  near  the 
canyon  mouth,  but  these  neither  eliminated 
the  flood  causes  nor  prevented  flood  damage  to 
Mt.  Pleasant  as  the  flood  of  July  24,  1946 
demonstrated. 

Extensive  investigation  of  the  1946  Pleas¬ 
ant  Creek  flood  by  a  U.  S.  Department  of 
Agriculture  Flood  Control  Survey  crew  work¬ 
ing  in  the  area  when  the  flood  occurred  re¬ 
vealed  that  the  flood  originated  on  about  1,773 
acres  of  watershed  land  severely  gullied  and 
depleted  of  vegetation.  Although  the  soil  had 
been  relatively  dry  to  a  depth  of  two  feet  to 
four  feet,  indicating  considerable  storage  ca- 
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Figure  43.  —  Pleasant  Creek  flood  of  July  24,  1946.  (Mt.  Pleasant,  Utah) 


pacity  for  rainfall,  only  enough  water  had  en¬ 
tered  to  wet  the  upper  2  to  3  inches.  Because 
of  the  lack  of  vegetation  which  aids  infiltra¬ 
tion,  a  large  part  of  the  rainfall  rushed  over 
the  soil  surface  and  soon  concentrated  in  rills 
and  gullies  to  form  destructive  floods.  Exten¬ 
sive  damage  was  done  to  homes,  business  prop¬ 
erty,  roads,  and  farms  in  and  near  Mt.  Pleas¬ 
ant  by  the  1946  flood. 

Willard,  Utah. — Serious  rainstorm  floods  of 
the  mud-rock  type  came  from  Willard  drain¬ 


age,  at  Willard,  Utah  in  1923  and  1936.  The 
1923  flood  was  the  first  of  its  kind  since  set¬ 
tlement  about  1850.  Serious  depletion  of  veg¬ 
etation  had  occurred  in  the  upper  Willard 
basin  due  to  heavy  grazing  and  fire.  (Paul  and 
Baker  1925.)  The  municipal  power  plant  was 
destroyed  and  highway  No.  91  was  made  im¬ 
passable  to  vehicles  by  sediment  and  boulders. 
Homes  were  filled  with  mud  and  several  hun¬ 
dred  acres  of  valuable  orchard  land  were  cov¬ 
ered  with  mud  and  rocks. 


Figure  44.  —  Willard  Creek  flood  of  August  14,  1923.  (Willard,  Utah) 
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Following  the  flood  of  July  31,  1936,  a  sur¬ 
vey  was  made  of  watershed  conditions  in  the 
upper  basin  which  showed  that  timber,  brush, 
and  herbaceous  vegetation  had  been  seriously 
damaged  by  fire  and  excessive  grazing  on 
about  1,400  acres  of  watershed.  It  was  here 
that  the  floodwater  originated  as  a  result  of 
summer  rainfall  of  unknown  intensity  and 
amount. 

Salt  Lake  City. — The  most  damaging  rain¬ 
storm  flood  ever  reported  for  Salt  Lake  City 
occurred  August  19,  1945.  The  flood  originated 
on  less  than  one  square  mile  of  low-lying  hills, 
directly  north  of  the  city  cemetery,  that  had 


been  completely  denuded  of  vegetation  and 
litter  by  fire  in  1944. 

A  study  of  this  flood  revealed,  very  strik¬ 
ingly,  the  effects  of  plant  cover  destruction 
on  flood  runoff.  Runoff,  as  evidenced  by  gul¬ 
lies  and  rills  on  the  slopes,  was  confined  en¬ 
tirely  to  the  burned  area.  There  was  no  evi¬ 
dence  of  overland  flow  where  dry  cheatgrass 
and  the  accumulated  litter  had  not  been 
burned;  whereas,  on  the  burned  areas  imme¬ 
diately  adjacent,  runoff  had  been  very  great. 
Extensive  damage  was  done  to  the  city  ceme¬ 
tery,  homes,  streets,  and  other  property. 

There  were  no  rain  gages  on  the  area,  but 


Figure  45.  —  Salt  Lake  City  foothill  watershed.  Unburned  area  (left),  and  burned  area 
(right).  (Flood  of  August  19,  1945,  Salt  Lake  City,  Utah) 


evidence  suggests  total  rainfall  was  about  1.75 
inches  or  more,  with  very  high  intensities. 
Peak  flood  discharge  was  estimated  at  about 
4,000  cubic  feet  per  second  per  square  mile 
of  land  —  the  highest  reported  for  any  Wa¬ 
satch  Mountain  rainstorm  flood. 

Boise,  Idaho. — The  most  serious  rainstorm 
flood  to  strike  Boise,  Idaho,  in  its  100-year 
history,  occurred  on  August  20,  1959.  A  deluge 
of  water,  mud,  and  rocks  estimated  at  more 
than  1,000  c.f.s.  flooded  11  miles  of  the  city’s 
streets  and  caused  extensive  damage  to  homes, 
streets,  and  personal  property. 

The  flood  runoff  originated  on  about  5,000 


acres  of  watershed  lands  on  which  the  vege¬ 
tation  and  litter  had  been  drastically  reduced 
by  fires  in  1957,  1958  and  1959.  The  10,000- 
acre  fire  on  August  3,  1959,  in  Cottonwood 
and  Picket  Pin  drainages  occurred  only  17 
days  before  the  flood  and  consumed  practi¬ 
cally  all  vegetation  on  the  surface  of  the 
ground.  There  was  nothing  on  the  ground  to 
protect  the  soil  from  the  impact  of  the  torren¬ 
tial  rain  or  to  retard  the  surface  runoff  from 
the  watershed  slopes.  The  gullied  hillsides  and 
scoured  channels  gave  glaring  evidence  of  the 
large  amount  of  flood  runoff. 

It  is  reported  that  many  years  of  heavy 
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Figure  46.  —  Flood 
runoff  patterns  that 
were  etched  into  soil 
of  burned  slopes  on 
the  Boise  front 
watershed,  and  flood 
debris  in  the  valley. 
(Flood  of  August  20, 
1959,  Boise,  Idaho) 


grazing  was  an  indirect  contributor  to  the 
flood  because  this  resulted  in  conversion  of 
the  more  fire-resistant  perennial  grasses  to 
cheatgrass  which  is  a  flash-fire  type. 

Galena  Creek,  Nevada. — Summer  rainstorm 
floods  also  have  been  recorded  from  water¬ 
sheds  in  Nevada  of  which  the  70,000-acre  Ga¬ 
lena  Creek,  is  an  example.  Very  severe  floods 
occurred  in  1952  and  1956. 

The  floods  originated  on  about  3,000  acres 
of  land  in  the  upper  watershed  with  a  long 
history  of  destructive  logging,  unregulated 
grazing,  and  fire.  The  flood  of  July  20,  1956, 
killed  four  people  where  the  flood  crossed  Mt. 
Rose  Highway.  Roads,  campgrounds,  and 
some  pasture  land  were  damaged  severely. 

WET  MANTLE  OR  SNOW-MELT  FLOODS 
In  contrast  to  summer  rainstorm  floods  that 


occur  when  much  of  the  torrential  rainfall  is 
discharged  from  the  slopes  by  overland  flow, 
wet  mantle  floods  occur  when  prolonged  rain¬ 
fall  and  water  from  melting  snow  exhaust  the 
soil’s  water  storage  capacity,  so  that  addition¬ 
al  rainfall  and  snowmelt  water  percolate 
quickly  through  the  soil  to  streams. 

Several  floods  of  this  character  have  oc¬ 
curred  from  the  Truckee  River,  Nevada,  and 
California  drainages  and  from  the  Wasatch 
Mountains  of  Utah. 

Truckee  River,  Nevada. — The  Truckee  River 
floods  which  did  extensive  damage  in  Reno, 
Nevada,  and  vicinity,  in  November,  1950,  De¬ 
cember  1955,  and  February  1963  are  excellent 
examples  of  wet  mantle  floods,  involving  pro¬ 
longed  rainfall  and  snowmelt,  and  a  saturated 
soil  mantle.  The  flood  of  December,  1955, 
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Figure  47.  —  Cumulative  precipitation  and  itsirelation  to  discharge  of  the  Truckee  River 
at  Reno,  Nevada,  during  the  flood  of  December  1955. 


illustrates  some  of  these  relationships. 

During  the  period  September  1  to  December 
21,  inclusive,  precipitation  (rain  and  snow)  on 
the  382  square  mile  area  from  which  the  flood 
came,  amounted  to  218,350  acre-feet,  or  an 
average  of  approximately  eight  inches  over 
the  watershed.  During  this  period,  daily  dis¬ 
charge  of  the  Truckee  River  at  Reno  rose 
gradually  from  about  330  acre-feet  on  Septem¬ 
ber  1,  to  1,626  acre-feet  on  December  21.  By 
December  21,  practically  all  of  the  snow  had 
melted,  augmented  by  warm  rains.  Since  there 
were  no  sharp  increases  in  stream  discharge 
following  heavy  rains  and  snowmelting  from 
September  1  to  December  21,  it  is  assumed 
that  much  of  the  precipitation  prior  to  Decem¬ 
ber  21,  was  stored  in  the  watershed  soil. 

A  marked  change  in  the  magnitude  of  dis¬ 


charge  occurred  on  December  22  and  23.  Up 
to  this  time,  most  of  the  precipitation  and 
snowmelt  had  been  stored  in  the  soil.  But 
when  the  soil  became  saturated,  additional 
water  percolated  rapidly  through  the  soil  giv¬ 
ing  rise  to  flood  discharge.  Rainfall  on  these 
days  was  8.65  inches  in  the  Sagehen-Truckee 
area  and  3.82  inches  at  Boca  Dam.  As  a  re¬ 
sult,  daily  discharge  increased  from  1,626  acre- 
feet  on  December  21  to  32,130  acre-feet  on 
December  23.  Peak  discharge  on  the  23rd  was 
20,800  c.f.s.  (41,300  acre-feet)  as  reported  by 
U.  S.  Geological  Survey. 

Rain  changed  to  snow  on  December  24  and 
by  December  28  deposited  a  pack  containing 
6.0  inches  of  water  in  the  Sagehen-Truckee 
area  and  4.4  inches  at  Boca.  Since  this  pre¬ 
cipitation  was  stored  as  snow,  and  therefore. 
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unable  to  contribute  to  streamflow,  the 
Truckee  River  receded  rapidly,  and  in  a  few 
hours  the  flood  crest  had  passed.  Had  not  the 
rain  turned  to  snow  about  the  time  peak  dis¬ 
charge  occurred,  the  flood  could  have  in¬ 
creased  by  5,000  to  10,000  c.f.s.,  because  of  the 
absence  of  water  storage  capacity  in  the  soil. 

Utah  Spring  Floods. — Some  very  unusual  and 
destructive  spring  snowmelt  floods  occurred 
from  the  Wasatch  Mountains  in  northern 
Utah  in  1952,  and  again  in  1955.  During  the 
height  of  the  1952  floods,  ten  two-man  teams, 
made  up  of  experienced  foresters,  geologists, 
and  engineers  examined  the  watersheds  to  de¬ 
termine  the  origin  of  the  flood  waters  and 
whether  the  flood-water  was  supplied  by  over¬ 
surface  flow,  or  seepage  flow  to  streams.  With¬ 
out  exception,  it  was  found  that  snowmelt  wa¬ 
ter  was  disposed  of  by  infiltration  and 
percolation.  The  floods  occurred  because  the 
soil  became  saturated  and  the  additional  wa¬ 
ter  from  snowmelt  moved  by  percolation  to 
streams.  Vegetation,  it  was  concluded,  had 
little,  if  anything,  to  do  with  the  floods.  The 
rate  of  snowmelt  was  less  than  the  infiltra¬ 
tion  and  percolation  capacities  of  the  soil, 
even  in  the  absence  of  a  plant  cover. 

In  general,  conditions  that  contributed  to 
the  Utah  floods  were;  (1)  a  very  deep  and 
extensive  snowpack,  (2)  unusually  cold  spring 
weather  that  retarded  snowmelt,  resulting  in  a 
very  high  percentage  of  the  watersheds  re¬ 
maining  snow-covered  until  late  spring,  (3) 
high  temperatures  during  the  melting  period, 
and  (4)  an  unusually  large  contribution  of 
water  from  low-elevation  watersheds  that  nor¬ 
mally  contribute  little  or  no  water  to  spring 
streamflow. 

Columbia  River  Floods. — During  the  devas¬ 
tating  floods  in  the  Columbia  River  Basin  late 
in  May,  1948,  the  U.  S.  Department  of  Agri¬ 
culture  sent  a  20-man  task  force  to  the  basin 
to  study  flood  causes.  These  men  examined 
the  Columbia  Basin  by  air,  auto,  horseback, 
and  on  foot,  made  careful  observations  as  to 
watershed  conditions,  and  gathered  data  on 
snowpack  (depth  and  extent  of  coverage), 
rainfall,  and  temperature.  They  concluded 
that:  (1)  the  flood  was  of  the  “wet  mantle” 
variety,  (2)  excessive  oversurface  flow  of  wa¬ 
ter  came  only  from  the  palouse  wheat  lands 


and  similar  areas,  and  from  a  few  seriously 
disturbed  areas  in  the  forests,  (3)  disposition 
of  water  from  snow  on  virgin  timber  and  sec¬ 
ond  growth  timber  lands,  and  to  a  limited 
extent  on  burned-over  areas,  was  by  infiltra¬ 
tion  and  percolation  to  streams. 

Though  practically  all  water  came  from 
seepage  flow,  even  where  fires  had  eliminated 
the  forests,  these  treeless  areas  contributed 
heavily  to  flood  peaks  because  snow  melted 
faster  and  interception  was  less  than  in  the 
forests.  The  factors  that  contributed  to  the 
Columbia  River  floods  of  1948  were  much  the 
same  as  those  related  to  the  Utah  spring  floods 
of  1952  and  1955. 

FROZEN  SOIL  FLOODS 

During  the  winters  of  1961-62  and  1962-63 
certain  areas  in  Utah,  Idaho,  and  Nevada  ex¬ 
perienced  serious  floods  that  have  been  at¬ 
tributed  to  frozen  ground.  The  general  con¬ 
tributing  causes  for  such  floods  are  about  as 
follows:  (1)  in  the  winter,  absence  of  a  snow 
cover  often  allows  the  soil  to  freeze  to  a  depth 
of  four  to  six  inches,  (2)  snow  accumulates  on 
frozen  ground  and  with  the  advent  of  warm 
rains  substantial  quantities  of  water  are  re¬ 
leased  that  cannot  infiltrate  into  the  frozen 
soil,  and  (3)  rapid  oversurface  flow  occurs 
that  may  produce  high  flashy  streamflow,  or 
it  may  collect  in  low,  poorly  drained  areas  to 
form  temporary  ponds  or  lakes. 

Floods  caused  by  frozen  ground  in  the  win¬ 
ter  and  spring  of  1962  and  1963  caused  con¬ 
siderable  damage  at  Battle  Mountain,  Nevada, 
and  Stone  and  Bancroft,  Idaho.  Also,  towns 
along  the  Portneuf  River  in  Idaho,  particular¬ 
ly  Lava  Hot  Springs,  McCammon,  and  Poca¬ 
tello,  experienced  serious  flood  damage  in  1962 
and  1963.  Field  examination  of  the  flood 
sources  showed  frozen  ground  to  be  the  prin¬ 
cipal  cause  of  the  floods. 

The  extent  to  which  good  cover  of  vegeta¬ 
tion,  litter,  and  organic  top  soil  reduce  soil 
freezing  is  not  too  well  understood.  Observa¬ 
tions  indicate,  however,  that  a  cover  of  vege¬ 
tation  and  litter  reduces  the  depth  of  freez¬ 
ing,  and  in  some  cases  produce  a  spongy,  por¬ 
ous  kind  of  ice  structure  that  actually  in¬ 
creases  the  infiltration  capacity,  thus  reduc¬ 
ing  the  chances  of  oversurface  flow  and 
floods. 
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REPAIRING  DAMAGED  WATERSHEDS 


Damage  to  watershed  lands  in  the  Inter¬ 
mountain  West  due  to  excessive  grazing  by 
livestock  and  big  game,  improper  road  loca¬ 
tion,  construction  and  maintenance,  placer 
and  dredge-mining,  fire  and  timber  harvesting 
is  extensive.  Because  of  the  nature  and  ex¬ 
tent  of  damages  caused  by  overgrazing,  resto¬ 
ration  of  watershed  lands  damaged  by  graz¬ 
ing  is  a  most  pressing  problem.  Accordingly, 
this  discussion  will  be  limited  to  lands  used 
for  grazing. 

These  grazed  mountain  lands  consist  of  nu¬ 
merous  complexes  involving  topography,  cli¬ 
mate,  soil,  vegetation,  and  animals,  one  or  all 
of  which  may  vary  greatly  in  short  distances 


as  a  result  of  changes  in  aspect,  slope,  soil,  and 
elevation.  Because  of  the  variable  nature  of 
watersheds,  the  determination  of  condition 
and  trend,  and  the  application  of  appropriate 
remedial  measures  require  a  working  knowl¬ 
edge  of  ecology,  soils,  climate,  and  forest 
hydrology.  Training  and  experience  is  neces¬ 
sary  before  the  ecologic  and  hydrologic  con¬ 
dition  of  a  mountain  watershed  can  be  recog¬ 
nized  and  evaluated. 

Factors  and  indicators  used  in  determining 
condition  and  trend  of  watersheds  must  be 
carefully  selected  and  evaluated  or  wrong  con¬ 
clusions  can  be  drawn.  An  example  of  an 
indicator  that  is  often  cited  and  which  can 


Figure  48.  —  This  slope  has  adequate  feed  for  sheep,  but  the  vegetal  cover  has 
been  so  reduced  that  the  area  has  become  a  source  of  flood  runoff  and 
downstream  sediment  from  the  eroding  soil.  (Sawtooth  Mountains,  Idaho) 
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Figure  49.  —  Satisfactory  watershed  conditions  can  be  maintained  on  well- managed 
lands  that  are  suitable  for  grazing.  (Humboldt  National  Forest,  Nevada) 


be  entirely  wrong,  is  that  livestock  in  good 
flesh  indicate  satisfactory  range-watershed 
conditions.  Experience  has  taught  that  there 
is  no  relationship  between  the  amount  of  vege¬ 
tation  necessary  to  produce  fat  livestock  and 
game  on  steep  watershed  lands  and  the 
amount  of  vegetation  required  to  prevent  over¬ 
surface  flow  and  accelerated  soil  erosion. 

One  good  plant  per  square  yard  may  supply 
sufficient  forage  to  produce  fat  sheep  and  cat¬ 
tle,  but  it  is  woefully  inadequate  to  prevent 
rainstorm  floods.  For  example,  during  the 
period  1923  to  1930  when  rainstorm  floods 
caused  about  $1,000,000  damage  in  Davis 
County,  Utah,  excellent  fat  lambs  and  fat  beef 
were  produced  on  the  offending  watersheds. 
Then,  too,  studies  have  shown  that  denudation 
of  as  little  as  10  percent  of  the  watershed  can 
cause  destructive  erosion  and  floods  even 
though  the  other  90  percent  may  be  well-vege¬ 
tated  with  abundant  forage. 

WHAT  DOES  RESTORATION  INVOLVE? 

Watershed  restoration,  briefly  stated,  is  the 
job  of  restoring  the  impaired  productive  and 
hydrologic  functions  of  the  land,  that  have 
been  damaged  by  excessive  use  and  by  fire. 
Damage  consists  of:  (1)  reduction  or  destruc¬ 


tion  of  the  plant  and  litter  cover,  (2)  loss  of 
soil  fertility,  (3)  loss  of  the  soil  body  by  sheet 
and  gully  erosion,  and  (4)  changes  in  the 
micro-climate  —  that  important  climate  at 
the  level  of  the  soil  and  lower  strata  of  the 
vegetation  which  is  highly  important  to  the 
establishment  of  new  plants,  and  thus  to  the 
perpetuation  of  the  stand. 


Figure  50.  —  Congressional  committee  inspects 
seeding  done  with  public  funds  on  moun¬ 
tain  watershed.  (Davis  County  Experi¬ 
mental  Watershed,  Utah) 
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RESTORATION  MEASURES 

Watershed  restoration  measures  that  have 
been  effective  in  the  intermountain  region  are 
of  three  general  kinds: 

1.  Those  that  involve  only  a  properly  de¬ 
signed  and  executed  management  pro¬ 
gram  for  livestock  and  big  game. 

2.  Seeding  of  grasses  and  shrubs,  and  an 
adequate  management  program. 

3.  Structural  measures  such  as  contour- 
trenches  and  seeding  to  stabilize  the  soil, 
followed  by  proper  management.  Where 
gullies  are  too  large  to  be  controlled  by 
contour-trenches,  special  gully-control 
structures  may  be  necessary. 

MANAGEMENT  ONLY 

Management  programs  designed  to  restore 
damaged  watersheds  include  practices  such  as: 
(1)  adjustment  of  livestock  numbers  and  sea¬ 
son  of  use  to  grazing  capacity,  (2)  rest  and 
rotation  grazing,  and  (3)  under  certain  condi¬ 
tions,  complete  elimination  of  use. 

Unfortunately,  management  changes  to 
achieve  restoration  of  satisfactory  watershed 
conditions  may  result  in  temporary  inconven¬ 
ience  or  economic  loss  to  livestock  owners 
through  restricted  grazing  use.  Viewed  over 
the  long  run,  however,  early  corrective  meas¬ 
ures  may  be  cheapest  to  users  and  to  society 
because  advanced  stages  of  deterioration  often 
require  expensive  structural  measures  in  the 
restoration  process,  followed  by  longer  periods 
of  nonuse,  even  permanent  exclusion,  depend¬ 
ing  on  the  severity  of  damage. 

SEEDING  AND  MANAGEMENT 

When  deterioration  of  the  plant  cover  has 
advanced  to  the  stage  where  natural  seeding, 
even  under  protection  from  grazing,  will  not 
be  rapid  enough  to  prevent  excessive  oversur¬ 
face  flow  and  soil  erosion,  artificial  seeding  be¬ 
comes  necessary.  This  must  be  followed  by 
complete  protection  usually  for  3  to  5  years, 
and  thereafter  use  must  be  carefully  managed 
to  insure  the  maintenance  of  sufficient  vege¬ 
tation  to  prevent  rainstorm  runoff  and  soil 
erosion. 

CONTOUR-TRENCHING  AND  MANAGEMENT 

When  watershed  deterioration  has  pro¬ 
gressed  to  the  point  where  extensive  gully  sys¬ 
tems  have  been  made  by  torrential  rainstorm 


Figure  51.  —  Seeding  and  management  re¬ 
stored  this  damaged  watershed.  (Above, 
1930;  below,  1945.)  (Davis  County  Experi¬ 
mental  Watershed,  Utah) 

runoff  and  floods,  restoration  may  require  con- 
tour-trenches,  seeding,  and  management. 
However,  studies  of  the  relation  of  watershed 
conditions  to  rainstorm  floods  make  possible 
the  delineation  of  areas  that  are  potential 
flood  producers.  Contour-trenches  should  be 
constructed  on  such  lands  before  damaging 
floods  occur. 
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Contour-trenches  are  ditch-like  structures 
which  are  partitioned  by  dams  at  intervals  of 
20  to  30  feet. 

As  a  result  of  previous  research  and 
of  special  studies  conducted  for  four  years 
throughout  the  State  of  Utah,  the  con¬ 
tour-trench  system  of  flood  and  erosion 
was  developed. 

The  principle  of  contour  terracing  as  a 
soil  conservation  measure  is  very  old, 
but  the  use  of  trenched  contour-terraces 
on  high  range  watersheds  in  the  West 


for  the  prevention  of  devastating  floods 
and  soil  losses,  and  the  method  of  con¬ 
struction  represent,  it  is  believed,  a  new 
approach  in  its  application.  The  object 
is  to  get  water  into  the  ground  where  it 
falls,  thus  preventing  surface  runoff  and 
consequent  soil  losses,  and  also  to  create 
favorable  moisture  conditions  in  the  soil 
to  hasten  the  restoration  of  the  plant 
cover  which  otherwise  might  be  too  slow 
to  meet  the  control  problem.  (Bailey  and 
Croft,  1937) 


Figure  52.  —  Building 
coutour-trenches  in 
1956  on  the  Uinta 
National  Forest,  Utah. 


56 


Figure  53.  —  Newly  constructed  coutourtrenches  (left);  three  years  after 
construction  (right).  (Manti-LaSal  National  Forest,  Utah) 


The  size  and  frequency  of  trenches  depends 
on  many  factors  such  as  depth  and  character 
of  the  soil,  degree  of  slope,  and  the  amount 
and  intensity  of  precipitation  expected.  Con- 
tour-trench  systems  must  be  designed  and  con¬ 
structed  so  as  to  prevent  surface  runoff  from 
the  treated  slopes  when  torrential  rains  occur. 

Trenches  are  seeded  to  desirable  grasses  to 
stabilize  the  soil  loosened  in  construction,  and 
sometimes  between  trenches  when  the  residual 
plant  cover  is  inadequate  for  soil  protection. 


Contour-trenches  have  been  used  in  water¬ 
shed  restoration  in  the  Intermountain  Region 
of  the  Forest  Service,  on  83  projects  involving 
treatment  of  30,000  acres  of  watershed  land. 
When  installed  according  to  specifications, 
they  have  been  effective  in  preventing  flood 
runoff  even  from  some  of  the  most  intense 
rainstorms  recorded  in  the  area.  They  also 
have  been  used  with  success  in  other  western 
areas  and  in  several  foreign  countries. 


Figure  54.  —  Contour-trenches  are  used  to  rehabilitate  valuable  watersheds. 
(Left  above,  Boise,  Idaho;  right  above,  Provo,  Utah) 
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A  LOOK  AHEAD  IN  WILDLAND  MANAGEMENT 


Beginning  in  1897,  National  Forests  (until 
1907  called  “forest  reserves”)  were  established 
over  a  period  of  years  to  secure  favorable  con¬ 
ditions  of  waterflows,  and  to  furnish  a  contin¬ 
uous  supply  of  timber  for  the  citizens  of  the 
United  States.  Demand  by  the  American  peo¬ 
ple  to  have  certain  lands  of  the  unreserved 
public  domain  set  aside  was  general.  A  num¬ 
ber  of  areas  in  the  Intermountain  Region  were 
made  National  Forests  because  of  petitions 
from  people  in  the  arid  valleys  seeking  to  pro¬ 
tect  and  improve  the  valuable  mountain  wa¬ 
tersheds. 

In  addition  to  timber  and  water  that  occu¬ 
pied  the  attention  of  the  people  at  the  time 
the  forest  reserves  were  created,  there  were 
other  valuable  resources  that  could  and  should 
contribute  to  economic  growth  and  the  gen¬ 
eral  welfare.  Forage  on  the  National  Forests 
is  especially  important  to  the  sheep  and  cattle 
industry  of  the  mountain  west.  Demands  for 
this  resource  had  grown  over  the  years.  In 
fact,  many  areas  had  been  seriously  over-used 
by  domestic  livestock  long  before  these  lands 
were  established  as  National  Forests.  Also, 
these  mountain  lands  furnished  excellent  habi¬ 
tat  for  wildlife.  They  provided  recreational  op¬ 
portunities  and  their  use  for  this  purpose  has 
grown  over  the  years. 

THE  GREATEST  GOOD 

Instructions  were  given  in  1905  to  Gifford 
Pinchot,  Chief  of  the  newly-launched  Forest 
Service,  by  Secretary  of  Agriculture  James 
Wilson  that  were  fundamental  and  prophetic 
in  scope. 

In  the  administration  of  the  forest  re¬ 
serves  it  must  be  clearly  borne  in  mind 
that  all  land  is  to  be  devoted  to  its  most 
productive  use  for  the  permanent  good 
of  the  whole  people  ...  All  the  resources 
of  forest  reserves  are  for  use,  and  this 
use  must  be  brought  about . . .  under  such 
restrictions  only  as  will  insure  the  perm¬ 
anence  of  these  resources  .  .  .  and  where 
conflicting  interests  must  be  reconciled 
the  question  will  always  be  decided  from 
the  standpoint  of  the  greatest  good  of 
the  greatest  number  in  the  long  run. 


This  firmly  established  the  policy  of  mul¬ 
tiple  use  and  sustained  yield  of  the  forest  and 
range  resources  of  the  National  Forests  which 
has  guided  the  Forest  Service  for  more  than 
fifty  years.  In  1960,  the  Congress  of  the  Unit¬ 
ed  States  formally  recognized  the  importance 
of  this  policy  and  passed  the  Multiple  Use- 
Sustained  Yield  Act.  This  law  directs  as  a 
policy  of  the  Congress  that  National  Forests 
be  administered  for  multiple  use  and  sustained 
yield  of  their  products  and  services. 

The  instructions  and  the  multiple  use  law, 
however,  did  not  specify  how  they  could  be 
carried  out.  How  should  the  timber  be  cut 
and  the  forage  grazed  to  assure  p>erpetuity  of 
these  renewable  resources?  How  should  the 
forests  be  managed  to  protect  the  water  sup¬ 
plies  originating  in  the  forests?  Instructions 
did  not  spell  out  what  forest  and  range  prac¬ 
tices  were  necessary  to  assure  the  attainment 
of  that  attractive  and  motivating  slogan  “the 
greatest  good  to  the  greatest  number  in  the 
long  run.” 

Important  progress  has  been  made  in  all 
phases  of  multiple  use  management  of  Inter¬ 
mountain  wildlands  since  those  early  stal¬ 
warts  launched  the  National  Forest  System. 
Through  experience  and  research,  forestry  has 
come  a  long  way  on  the  road  to  coordination 
of  resource  uses  and  activities. 

NEEDS  OF  THE  FUTURE  FROM 
WILDLANDS 

On  the  basis  of  the  knowledge  we  have 
gained  by  research  and  experience,  we  can  see 
in  general  outline  the  picture  of  management 
and  use  of  our  wild  lands  for  outdoor  recrea¬ 
tion,  wildlife  and  fish,  timber,  range,  and  wa¬ 
ter  purposes  in  the  future.  It  looks  good.  We 
are  sure  there  will  be  an  increasing  demand 
for  these  products  and  services.  They  will  play 
an  ever-increasing  role  in  the  economic,  social, 
and  spiritual  growth  of  the  people,  and  will  be 
essential  to  that  growth  and  will  not  be  made 
obsolete  by  an  atomic  and  chemical  age. 

Most  of  the  timber  stands  of  the  Intermoun¬ 
tain  West  are  intact.  In  the  harvesting  of  the 
trees,  we  will  have  the  experience  and  knowl¬ 
edge  that  has  been  gained  in  the  years  past 
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and  the  new  knowledge  being  supplied  by  re¬ 
search.  To  grow  better  wood,  and  grow  it 
faster,  we  will  employ  the  science  of  genetics 
and  during  the  next  centennial,  trees  improved 
through  breeding  and  selection  will  be  in  pro¬ 
duction.  The  uses  to  which  the  wood  of  the 
forests  will  be  put  will  be  limited  only  by 
man’s  ability  to  manipulate  the  molecules  of 
the  cellulose. 

Recreational  use  of  our  wildlands  will  in¬ 
crease  beyond  the  imaginations  of  most  of  us. 
The  uses  of  the  woods,  the  streams,  the  lakes, 
and  the  mountains  to  satisfy  the  esthetic  and 
spiritual  needs  of  man  have  increased  many- 
fold  during  the  past  fifty  years  and  such  needs 
will  increase  in  geometric  proportions  during 
the  next  half  century. 

Range  use  reached  the  saturation  point 
early  in  the  history  of  western  grazing,  but 
the  demand  for  forage  for  both  livestock  and 
game  has  steadily  increased  over  the  years. 
Although  many  adjustments  in  the  numbers 
of  animals  grazed  are  yet  to  be  made,  reha¬ 
bilitation  of  deteriorated  rangelands  through 
seeding  and  improved  management  practices 
gives  promise  of  increased  use  in  the  future. 
Grazing  of  livestock  and  big  game  is  the  only 
means  of  harvesting  the  valuable  forage  crops 
that  large  areas  in  the  West  are  capable  of 
growing.  Future  plans  must  call  for  reaping 
this  harvest  from  suitable  rangelands  on  a  sus¬ 
tained  yield  basis. 

Water,  the  most  essential  product  of  wild 
lands,  continues  to  be  a  critical  need  and  will 
be  a  limiting  factor  to  future  development. 
Our  rapidly  growing  population,  with  the  need 
for  more  and  more  food,  and  the  industrializa¬ 
tion  of  all  parts  of  the  country  are  calling  for 
more  and  better  quality  water.  The  multi-mil- 
lion  dollar  programs  and  plans  for  the  develop¬ 
ment  of  our  western  rivers  are  of  special  inter¬ 
est  to  us  now,  and  they  illustrate  the  extent  to 
which  the  public  will  go,  and  must  go,  in  the 
development  of  its  water  supply.  But  dams 
alone  will  not  do  the  job  of  water  conservation. 
The  forest  and  range  lands  on  which  the  wa¬ 
ters  originate  must  be  allowed  to  function 
to  regulate  streamflow  and  control  sediment 
production. 

All  resource  uses  and  activities  must  be 
based  upon  scientifically  sound  considerations 


of  the  hydrologic  as  well  as  the  productive 
limits  of  the  land.  No  one  would  think  of 
building,  or  living  in  a  house  that  would  not 
withstand  the  impact  of  the  strongest  wind 
and  the  weight  of  the  heaviest  snow.  We  ex¬ 
pect  our  houses,  our  bridges,  and  our  dams  to 
be  adequately  designed  and  safely  built.  The 
land  also  has  definite  limits  of  use  beyond 
which  productivity  declines,  accelerated  ero¬ 
sion  sets  in,  and  the  usefulness  of  streamflow 
diminishes.  The  capacity  of  these  lands  to 
withstand  disturbance  is  indeed  limited.  These 
limits  of  the  land  to  produce  timber,  forage, 
recreation,  and  to  maintain  normal  stability  of 
the  soil  and  specific  characteristics  of  stream- 
flow,  are  not  merely  economic.  They  are  physi¬ 
cal  and  biological  phenomena  that  operate 
without  regard  to  market  values. 

CONSERVATION  WITH  USE 

If  forest  and  rangelands  are  to  serve  the 
Nation  in  the  future  they  must  be  managed  in 
such  a  way  as  to  get  the  combination  of  uses  of 
the  resources  which  best  meets  the  needs  of 
the  American  people.  We  know,  however, 
that  the  manner  in  which  timber  is  cut  and 
logged  on  the  headwater  slopes  in  Idaho  or 
Wyoming  is  not  solely  the  concern  of  the  tim¬ 
ber  operator,  but  is  of  concern  also  to  the  pub¬ 
lic  which  has  an  interest  in  maintaining  the 
useful  life  of  reservoirs  on  the  Columbia  River 
and  its  tributaries  in  Washington  and  Oregon. 
We  know,  also,  that  the  manner  in  which 
flocks  are  grazed  on  the  high  plateaus  and  the 
lower  benchlands  of  Utah  or  Nevada  is  not 
solely  the  concern  of  the  grazing  permittee  be¬ 
cause  even  a  little  overgrazing  can  set  in  mo¬ 
tion  accelerated  erosion  that  can  doom  down¬ 
stream  communities  that  are  dependent  upon 
water  storage  reservoirs. 

Wildlife  graze  these  same  lands,  and  when 
their  use  of  an  area  exceeds  the  grazing  ca¬ 
pacity,  severe  erosion  can  result.  Declining 
deer  or  elk  numbers  are  the  concern  of  the 
sportsman,  but  too  many  animals  on  a  water¬ 
shed  become  the  concern  of  all  water  uses. 
Recreationists,  too,  have  a  responsibility  to 
avoid  polluting  water  supplies  and  to  prevent 
disastrous  fires  which  could  seriously  damage 
whole  watersheds. 

The  concept  of  conservation  with  use  was 
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born  in  the  minds  of  foresters  many  years  ago, 
but  full  application  of  it  must  yet  be  put  into 
effect.  Sustained  yield  must  be  fully  prac¬ 
ticed  because  it  is  a  fundamental  and  vitaliz¬ 
ing  concept  of  conservation.  Sustained  yield 
of  forest  and  rangeland  products,  combined 
with  watershed  protection,  must  be  an  accept¬ 
ed  goal  in  future  wildland  management. 

Progress  in  the  management  and  use  of  our 
forest  and  rangelands  during  the  decades 
ahead,  as  we  envision  it,  is  predicated  upon 
certain  fundamental  conditions.  It  will  require 
enlightened  public  attitudes,  more  and  better 
trained  men,  and  the  acquisition  of  additional 
knowledge  through  research.  Experience  tells 
us  that  education  and  research  are  basic.  We 
live  in  a  Republic  where  democratic  processes 
must  be  fostered  and  protected.  Research  pro¬ 
grams  must  be  enlarged  and  strengthened.  Al¬ 


though  the  general  goals  in  wildland  manage¬ 
ment  have  become  clear,  many  methods  and 
procedures,  principles  and  concepts,  must  be 
worked  out  through  scientific  research  and 
adopted  by  the  users  and  managers  of  our 
wildlands  before  these  goals  can  be  reached. 

The  foundation  for  the  practice  of  wildland 
management  is  strong,  and  designed  to  sup¬ 
port  the  structure  which  will  be  built  upon  it. 
Sustained  yield  of  wildland  products  and  serv¬ 
ices  at  a  high  level  without  impairment  of 
the  productivity  of  the  land  is  essential  to  the 
strength  of  the  United  States,  at  home  and 
abroad,  and  to  a  rich  and  satisfying  life  for 
its  people.  Through  coordinated  effort  of 
schools,  public  and  private  land-managing 
agencies,  users  of  the  forest  and  rangelands, 
and  the  public  in  general,  this  vision  of  the 
future  can  become  a  reality. 
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There  is  a  lovely  road  that  runs  from  Ixopo  into  the  hills. 
These  hills  are  grass-covered  and  rolling,  and  they  are  lovely 
beyond  any  singing  of  it.  .  .  . 

The  grass  is  rich  and  matted,  you  cannot  see  the  soil.  It 
holds  the  rain  and  the  mist,  and  they  seep  into  the  ground, 
feeding  the  streams  in  every  kloof.  It  is  well-tended,  and  not 
many  cattle  feed  upon  it;  not  too  many  fires  burn  it,  laying 
bare  the  soil.  Stand  unshod  upon  it,  for  the  ground  is  holy, 
being  even  as  it  came  from  the  Creator.  Keep  it,  guard  it, 
care  for  it,  for  it  keeps  men,  guards  men,  cares  for  men. 
Destroy  it  and  man  is  destroyed. 

Where  you  stand  the  grass  is  rich  and  matted  you  cannot 
see  the  soil.  But  the  rich  green  hills  break  down.  They  fall 
to  the  valley  below,  and  falling,  change  their  nature.  For 
they  grow  red  and  bare;  they  cannot  hold  the  rain  and  mist, 
and  the  streams  are  dry  in  the  kloofs.  Too  many  cattle  feed 
upon  the  grass,  and  too  many  fires  have  burned  it.  Stand 
shod  upon  it,  for  it  is  coarse  and  sharp,  and  the  stones  cut 
under  the  feet.  It  is  not  kept,  or  guarded,  or  cared  for,  it  no 
longer  keeps  men,  guards  men,  cares  for  men.  The  titihoya 
does  not  cry  here  any  more. 

The  great  red  hills  stand  desolate  and  the  earth  has  tom 
away  like  flesh.  The  lightning  flashes  over  them,  the  clouds 
pour  down  upon  them,  the  dead  streams  come  to  life,  full  of 
the  red  blood  of  the  earth.  Down  in  the  valleys  women  scratch 
the  soil  that  is  left,  and  the  maize  hardly  reaches  the  height 
of  a  man.  They  are  valleys  of  old  men  and  women,  of  mothers 
and  children.  The  men  are  away,  the  young  men  and  girls 
are  away.  The  soil  cannot  keep  them  any  more. 

From  CRY,  THE  BELOVED  COUNTRY  by  Alan  Paton 

(Charles  Scribner’s  Sons,  1948) 
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